/ 



ED 207 B3B 



DOC0HBHT BBS OH B 



5Bi 035 665 



/ 



AUTHOR 
TITLE . 
MSTITOTION 

REPORT HO ' 
P03 DATE . , 
CONTRACT 
NOTE 

AVAILABLE PROM 



BDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



Rudy, John; And_others 

Savin? Schoolbouse Energy. Pinal Report* 

Department o£ Energy, Washington, D.C*' office of 

Buildings and -Community systems. 

LBL-^l106 . ij 

30 Jun 79 /< 

DOB-W-7i*05~BNG-tre 

96p«; Contains occasional light and broken type. 
National Technical Information Service, 5265 Port 
,Royal Rd., .Springfield, ?A 22161 

MF01/PC04 Plus Postage^, ■* - 

♦Cost Effectiveness; Elementary secondary Education; 

♦Energy Conservation; ♦Facility laproveaent ; Federal 

Programs; £uel Consumption; ♦Guidelines; Program 

Descriptions; ♦school Buildings 

♦Energy , Audits; 'Energy Consumption • 



ABSTRACT • • 

The objective' of the saving schoolhouse Energy 
Prpgraji was to generate information 'that school administrators and^ 
federal energy/education decision nakers could, use to identify ways 
of implementing specific,, Aroffdmical remedies to r.educe .energy waste 
in schools. This program wa^s designed to have five phases; (1) 
Conduct an energy audit of/ten "typical" elementary schools in 
various locations to identify energy conservation opportunities with 
an attractive payback period; (2) Design ihe selected retrofit 
modifications for these/schools; (3) Install the retrofit 
modifications and^verify their installation; (4) monitor the energy 
use of .the buildings atfter retrofit and compare with the energy use 
prior .to modification; and (5) Develop a plan to disseminate the 
information tto,schoorl districts and others interested in energy 
conservation* Funding, procedures, problems, results, and ^conclusions 
related to these /bases are summarized in this report. Supplements 
present information on energy conservation program^ and measures for 
school- systems./(Author/DC) * ; m *' 
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EXECUTIVE SUMMARY 



The el&mentary, intermediate, and secondary schools of America use an 
estimated 11% of all. .of the space heating and cooling energy consumed in the. 
United States. Over 502 of these schools now in use were built during the post 
World Wat II "baby boon" period. Typically these schools are hearted -and ven- 
tilated only and are for the most part over heated and over ventilated. They 
cootain large window areas and are poorly insulated. These schools frequently 
employ hot water heating systems which are incorrectly designed and improperly 
balanced; have oversized boilers for an energy Jftl^ient heating and ventila- 
tion system and are operated in an inefficient "node. They employ control sys- 
tems designed to operate the heating and ventilating system for thte comfort of 
occupants rather than for efficient energy consumption. It should be noted 
th^t comfort and efficiency are not mutually exclusive/ The American Associa- 
tion of School Administrators (AASA) estimates that 50% of the energy used by 
schools is wasted. 

School buildings are apt to be poorly maintained, especially with regard 
to their mechanical systems. Many school districts do ,not have effective 
preventive maintenance programs. Concern ( is usually directed at keeping 
buildings warm. When spaces become too warm the occupants can, and do, open 
the windows to restore comfort. 

The "Saving School house Energy 11 prograp was proposed by AASA early in 1976 
to provide guidelines foryidentif ying and analyzing energy conserving oppor- 
tunities (ECO's) in existing school buildings and to demonstrate the^ desira- 
bility of retrofitting these buildings. The program emphasized modifications 
to operational practice and, cost effectiveness of /apital Modifications util- 
izing "off the shelf" hardware. The five phases of this program included: 

\ 

1) site selection and identification of cost effective ECO's 
2> perform the A/E design to accomplish the retrofits 
3) Implementation of the retrofits „ . ) 

A) results monitoring p. 
5) dissemination if the findings. * 

\ 

The major portion of tKe funding for phase 1 was provided by the Federal. 
Energy Adminstratlon (FEA). Phases 2 through 5 were funded by the United 
States Energy Research and Development Administration (ERDA) and its' succes- 
sor, the U.S« Department of Energy (DOE). A non-government portion, amounting 
to approximately 25X of the total retrofit? cost, was provided by the school 



1. Public Schools Ehergy Conservation Measures Reports prepared for the 
Federal Energy Administration by the American Association of School Ad- ^ 
Sinistra tors, Publ ic. School s Energy Measures, Management Summaries (Ap- 
pendix • * 
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systems Involved and by private sector donations of natertils and .services. 

' Upon ccinpletlon of phase 1 by AASA, Lawrence Berkeley Laboratory (LUL) «as 
fleeted by CRDA to conduct the regaining plta^-a of the program. LBt subcon-- 
troc ed phases, 2 and 3 to AASA* Phases 2 and 3 w.ere expected to have been 
completed before the 197 7-78 school year in order to provide two heating sea- 
sons during which the space heating and electricity savings We to ,be moni- 
tored. The necessary retrofits were not installed during the 1 97 7-& season, \ 
oue to funding, procurement, contracting, and coordination diff icuul ties. ' 
Therefore, significant data were^ot^gather ed until the 78-79 heating season. ' 

When the preliminary 78^-79 data were Analyzed and.it became evident that 
the anticipated savin 3 sfrom the implemented retrofits (about 607. of predicted i 
achfivL "^/nd 15X of predicted electrical savings) were not b'e^ng 
achieved, a plan for investigation 'was formulated and implemented. This 
investigation included a closer scrutiny of the phase 1 and phase 2 work, and 
an on site verification of .retrofit and monitoring system operation. Ihe fol- 
lowing were observed: . . 

■ 

1. Some of the phase 1 reports predicted-substantial savings which aould ' 
not be produced by the retrofits as envisioned/, or predicted savings . 
greater than would normally be considered reasonable. 

2. ECO's (Energy Conservation Opportunities) that by themselves could 
not qualify as cost effective had been combined with other ECO's 
which were predicted to be highly cost effective and justified on a 
combined basis. In several instances the specifications generated to 

^accomplish the cost effective retrofits did not accomplish the intent 
ot the phase 1 recommendation. 

A. Many retrofits were not completely implemented to either ihe specifi- 
cations or the phase 1 recommendation. 

^ • 

5. • Sone "energy conserving" devices not recommended by phase 1 were' 
^° ye< ! and " as lns t all ed and adjusted, increased energy consump- 
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Some -participants insisted on keeping their systems operating on' a 
high energy consuming cycle for the comfort of a few "after hours" 
personnel. . , 

'J 

The room temperature's in some schools are'being maintained substan- 
tially higher than those used in .predicting the phase 1 savings. 

Unsimulated circumstances such as stolen air compressors, school 
tires, -long periods without power due to storms, problems with oi-1 
tanks and oil suction lines, and equipment malfunction and failure 
contribute to making actual results differ substantially from 
predicted results. * t 

Some savings predicted by phase 1 were tq/haveT^n based on retro- 
f Us implemented by written or verbal "instructions to the operators" 

TriL^A T 6 " 8lVC "' Wlth 3 re8ulw « inability to achieve 
predicted savings. 
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10. Maintenance In some of the schools has been poor* resulting in both 
d.irect and Indirect 'energy waste. — \ * ^ 

^ . ' • 

It becane clear that the data gathered could not be u»i»d to accurately,, 
> vurlfy the predicted savings attributable to the retrofit*,, since .nany retro- 
fits were either not installed acc7rJing to recommendations or were obviated 
by bad design, improper maintenance , poor calibration or other problems. By 
th *jr lme these difficulties were sorted out and resolved, a "substantial por- 
b ciufi of the 78-79 seasorr had elapsed. Thus, the amount of good data acquired 
during the 78-79 heating season was not statistically sufficient to validate 
the anticipated savings. , The savings shown in the. repor t were, infact, 
achieved^ hovev,er , the final savings *re j difficult tp attribute totally to the 
goals set by the Program. The l savings attributed to the irapleraented v retrp£its 
are 'not necessarily indicative of the maxlmun savings possible, -since the 
retrofits had not been properly in place <2urlng the full heating season. 

^uch cai\ be learned from this experience. Very few school systems can 
afford the costs Involved in Identifying "cost effective Energy Conservation 
Opportunities" in the tanner used by this prograra. Better results than those 
achieved by this progran are needed. Most of the retrofits employed in this 
program, and some that were not recommenced by this study, can , be very, cost 
effective if properly inplpmp nt ed t It is possible to implement minimum capi- 
tajilmprovement or even no-cost operational changes, which may result in sTub- 
stant^^i energy and commensurate cost savings.* 

• « 

It is cle^- that the savings that tcan be achieved by many school districts 
from conservation retrofits will not be achieve^ until the school administra- 
tion takes the necessary steps to educate existing personnel, or to employ* 
competent professional maintenance and design personnel. The higher salaries 
demanded by a professional staff can be considered a good investment since the 
effects of their work will be repaid many times over if their recommendations 
are competent and- the work is done in a professional w£y.* 

If- energy conservation^ of a magnitude approaching the potential is to be 
accomplished by the schofcJ.s -of America, a siciple ECO Identification and imple- 
mentation method must be found. It is to this end that the authors hope the 
information 'contained in the balance of this' report will be useful to school 
administrators, plant engineers, consultant design engineers and government 
pol icy maker s\ v 

V > 

Portions of this report are soraewha t techriical in nature and may,, at first 
reading, be difficult to understand. To those readers with non-technical 
backgrounds, we recommend consultation with .pecsons within th^ir organizations 
who are farailta^r with mechanical systems in buildings. For example, a school 
I 

^Contingent fee contracts based upon energy savings, which are frequent- 
ly entered into by firciS and individuals active in the conservation - - 
area, often result in an excessive fee to the person or firm recommend- 
ing the relatively low-cost operational or maintenance changes that 
result In substantial energy savings. It is considered better for a 
school district br building owner to take these substantial savings and 
reinvest then in more capital intensive, longer term payback energy re- 
trofits. 
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ttilA illl a r J I from- the counsel obtained fron the Superintendent 

Build ngs and Grounds, for the school system. The conservation measures dis-' 

»UH«ed r^rc-sent standard engineering praothcs; however, tt is ircport.int that 

tnc operation, ~a««ign and systema of the Individual school be taken 'into 
.3 c count . 

t ] . ^ 

Finally, it should be noted that, for the most part, the personnel in the 
participating schools gave full cooperation to this" program and were dedicated 
to tne coraaon 303^ , 
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Chapter 1 
1KTR0DUCTI0N 



* The objective of the "Saving Schoollfiouse Energy" Program* was to generate 
Information that school administrators and federal energy/education decision 
makers could use to identify ways of implementing specific, economical 
remedies to reduce energy waste in schools* This program was designed to have 
five phases: 



1) Conduct an energy audit of ten "typical" elementary schools in vari- 
Qgs lQCations to identify enfexgy conservation opportunities with an 
att + Ca<;tfve payback period. * 

2) Design the .selected retrofit modifications for these schools. 

3) Install the retrofit modifications and vferify their installation. 

\ t v. 

4) Monitor the energy-useof the buildings 4 after retrofit and compare 
with the energy use prior modification. 

.^5) Develop a plan to disseminate the information to school districts and 
others Interested in energy conservation. ' * 



f - 



The American Association of School Administrators (AASA) wi^h funding from 
the Federal Energy Administration (FEA) tyfttiated the "Saving Schoolhouse 
Energy" Project in early 1976. AASA completed the phase 1 *ydlt in May 1977. 
Lawrence Berkeley Laboratory (LBL) was then selected by the Energy Research 
and Development Administration (ERDA) to conduct the remaining phases of the 
program. J.BL contracted with AASA to accomplish phases *2 and 3- LBL a was the 
prime contractor and had responsibility to develop the ,phase k monitoring sys- 
tem, and to. analyze the effectiveness of the Installed retrofits. 

AASA us<?d the following criteria for selecting schools for the^prpgram; 



1) Type of structure 

* 

s2) Predictable consistent usage patterns after modification 
• * i 

3) Building lif e^exp^ctkncy 1 * 

4) Building size ^ - . 

'5) Student enrollment * . ~ 

6) Available energy Consuopt Ion data 
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7) Expected energy savings as pxedictud through the use ot the ^Hub-lic 
% Schools Energy Conservation, Serv ices <PSCCS) computer .program 

8) Typical schools, not "bad examples*' 

- The schools selected range in size froq 2 7, 610 square" feet to" 49,314, 
- sqiratfe ee'fj s\x of the schools h^ve original structures that were built from 
1949 to 1 954; the- oihers were originally built in 19£5, 1965, ^nd 1973'. The' 
cumber of btuderv^ ranges from 300 to 55$7 The ualls of the schools range fron 
5S to 50%-glastf* 'The heat toss coefficient* <U ) of the schools' walls ran$e 
from .-08 Btu/hr/f 1 2 /° M F to .40 Ztv/hjftt 2 /? F; xjMU value of the roofs ranges 
from .10 Btu/hr/,ft?° JF to .34 Btu/hr/f t 2 /° ?^J$J0' of the* bchobls use unit 
Ventilators; two use 1 c en tra 1 x aif hand tecs ; one , heated with radiators alone, 
V^tf^P^LSide air by ^ infiltration only. .One school, - i§~ centrally- air condi- 
^TrTe^i^^^All nine schools are heated by, boilers; some of the schools also use 
r^diators><.abinee. heaters ," co.avec tors*, or hot water converters. .One of the* 
* sthool5^ha£ a rooftop a s ir' cond Uioning unit for a new addition office area, a* 
^well as two window dir conditioners; ancrthcr. school ha? .nine winddw air condi- 
tioner's. (For a detailed description" of the schools' physical plarrts and 
^their HVAC k systers see Appendix 1- ' ■ " * 

Tht retrofits re\:ornmEttded most often in phase 1 were: 

• - ♦ : | 

I) reducing outside air % *- . 



increasingboilec efficiency ^ ' 

installing, tengeraftjre setback systehs for 
during unoccupied periods'. % 



lowering temperature 



Most of the' /etrof tt costs* were federally funded; however, scho.ol ^dis- 
tricts did pay from lOZ-lS* of the cost of retrofit installation plus "the coet 
of design fees, where required Also, *AASA solicited material and/or Labor 
donatfons * foY school districts, e.g., energy efficient fluorescent lj,ghts and 
irtsulatton. The ^nb in erf non-government tontr£but.ions" were equivalent 



b approximately 25X of the total retrofit costs. 



to 



To measure the resuffe ac^eved by the retrofits, all schools wer* edi- 
tored manually and, in addition, a computer based data acquisition system was 
installed at the three schools. In all cases, utility records were usee" 




ERLC 



v *Tbe* n Energy £anseryation Opportunities 14 identified by the .PSECS program 
^differed substantially fron those found to be , M cost ej^ec tive" .by the 
cootaerciaj computer programs used by the consultants who conducted the 
*phff?e 1 energy audits of the, schools. . * " * 

\ ' * 

1 ■ 
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( , Chapter, 2 

'SELECTION OF ENERGY CONSERVATION RETROFITS 
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ehenslve 
order to 
ene rgy 



^ ynder ptyse l, v each school was given a thorough and v 
engineering analysis by a reputable Consul ting v engineering firm 
identify cost effective. Energy Conserving Opportunities (EOO's)^ — 6 , 

consumption,' the physical characteristics of the building, the/condition of 
the l>uiadirfg and mechanical system, and use patterns, of the/building and 
mechanical s^steq vereUndividually determinedly site inspections, interviews 
vitfr ovners and operator^ and by a pl#i and specification review 



1 



Late.d on a computer 
gomputer programs,' 



Next, each school's operating characteristics wete siou 
ec^loying. eith'er of two commercially available proprietary 
The coifyuter simulation was' then analyzed to identify ECCTs, 

t After Identifying the ECO's, a cost analysis was performed to determine 
the cost effectiveness of each. An ECO was cpnsidefed ,coat effective if the 
cost of investment coulee recovered by ene^y saviftgs within twelve years, 
asstoing f**\ vcosts" escalate 10 X per year, wit/ interest, rate adjustments. 
Table 1 lifts recommetfded* cost effective ECO's, 

* ECO's identified as cost* effective were, implemented in various ways. In 
some instances, , an architecture/engineering (Ml) firm was Employed to prepare 
bidding documents for all or part of the retrofits* In ofher cases, the' 
design and Mdding phases were handled informally; the school administrators 
or their staff personnel dealt directly wilft the contractors* all cases, 

the design and physical installation of tet^ot its were inspected and approved 
by at leafctone engineer* * > 




/ I 



*At a later date, new DOE-1 ^computer program w&s tested agai 
results obtained rom the proprietary computer programs. The res 
presented in LBL publication #8449 entitled, "DOE-1 Simulations 
Elementary Schools: Base Case Reports • 
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ENERGY CONSERVATION OPPORTUNITIES. 
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Chapter, 3 * • 



MONITORING OF ENERGY 'USE 



The objective p& jaonitoring energy use was to determine actual energy sav- 
ings resulting front the retrofits. Savings at each school were calculated by 
'.comparing monthly electricity and heating f uel* u§e before and after the retrod* 
fits Vrere installed, tfhfs procedure was called "manual monitoring," and vtfs 
used at.all nine Schools. ^ • - 7 

Detailed monitoring systfems were also installed at three of the schools. 
Mictoprocessor^based systerfs saaplfed instantaneous values and calculated 
hourly average values f or heating fuel and electricity use, - temperatures, 
heating medium flow rat?s, dgd heat transmission throughout the building. The 
detailed monitoring was intended to help define the actual savings due to 
individual retrofits» to'betfer understand the patterns of energy use at the 
three schpols, and to evaluate the effects of experimental changes in school 
plant operation. 

Manual Monitoring ' s 

Using the manual monitoring, data, monthly electricity and heating fuel use 
were compared for periods before and after tfce retrofits were installed. This 
comparison indicated the combined benefit of the retrofits to eact> school. 

\ The procedure worked quite smoothly, afid inaccurate 'readings were rare. 
/However , .-several probbems occurred. TVse included: * 



f\ Irregular meter reding dates by the utilities in past, years. 
* Year-tQ-ye^r differences* in meter reading periods made nonth- 
to-mohth •comparison^ of savings difficult in some cases. 
V/ 1 

^2) Failures of fuel/oil flowmeters. Heating oil floV meters vere 
installed, at /t£e four schools using fuel oil for full back-up 
heating. Flow meter failures occurred at two of theste schools. 
» "Stick" fuel tank readings were used 'to* 0 8up$T&mei\t the oil flow 
meter readings,. 

/ 4 

• • 3) La*k of precisiOiPin determining base year oil consumption from 

oil delivery records at tw of the schools. 

t • These problems did not significantly affect the overall accuracy of the 
manual monitoring results . \ 

The manoal monitoring procedure involved three basic 3tepS: 

W Past .energy u *$e data were collected,, based $n monthly utility 



• \ 

2) Utility meter readings were taken manually every two weeks during 
the 1978-79 school year- The readings* were made by school dis- 
trict personnel and sent to Lawrence Berkeley Laboratory. LBL ^ - * 
cross checked th&sf manual readings with the 'utility b Ills for 
the sase tine period. • V. * 

- „ 3) At IBL, monthly electrlcfty and ^lieatlng fuel use after retrofit 

y . Installation were* compared with epergy consumption for the 

corresponding month In the bafse^ year (the year used In phase 1 
% predictions^ and Ip the year prior to Installation.' The heating 

fuel use comparisons Included degree day corrections for year- 
to-year temperature differences. i 

* • » K 

Detailed Monitoring % , , - ' 

■ » ■ * * 

Thirty to forty points were, monitored at each of two schools. Over 90 
Xiata points were monitored at the tnlrd School. 

The basted objectives of the detailed monitoring were to: - 

4 \ 

§ 1) Help to check for correct retrofit operation. 

2) Help to define t\>e benefit of each individual retrofit. V 
• - 

3) More fully understand the actual school* oper at ion . 

A) Define building energy use patterns. - , 

The three schools were chosen beca4se together they included examples of „ , 
the cfajor retrofit 'types used in this program. A summary of the building 
characteristics and the. Installed r£trctflts at each of these schools *is 
/ presented IftT^ble t 2. 

' " - * ' - ' 

PaTraaefcers Monito'red ' %4w ~ m * 

<y * 

At* the two schools ^"vith fewer sensors, the monitored values included* -heat 
Input and temperatures in two &lassrootfr, heating fuel and electricity use by 
the entire building, heat output*from the* boiler, and pump and ventilation fan " 
on/off status. Outside air temperature, wind speed, and wind direction Xere 
also monitored, at both schools. In addition, the surface temperature differ- 
ence through tfoe roof and ^eat flows through insulated and uninsulated window 
panels were monitored at ohe of the schools which had been retrofitted with 
insulation on the roof and 1 on 30Z of the existing glass area. 

At the third school, additional sensors were added to more completely 
define temperatures throughout the school, to monitor door and window opening/ 
and to measure meteorological and . solar pararftflers in more detail. ^his 
school, comprised of rwo buildings /'was chosen for more comprehensive monitor*-^ 
ing because the nature of its construction provided a potential for, comparing 
m two different structures'. Its original building is a two story masonry, build- 
ings built in 1949/ with 22% glass area; an Addition, built In 1955, is of 
stfcel frame construction with a 58% glass afea. 
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TABLE 2< .INSTRUMENTED SCHOOL DESCRIPTION 



SCHOOL ,"4 



'SCHOOL #6 



Size 



'^2,765 ft 



2. 



32,029 „ft* 



Built 



■SCHOOL ?9 
40,124 ft 2 



1949. 'J 955* Addition* v 



1951, 1955 Adduion, 



1957 



Number of 
Student A. 
Staff 

School 
Hours 

- 

Construct Tpn 



Students 475 (K-6) 
Staff 30 

8 4&"?n - 3 15 pffi 



Students 300 (IT-6) 
Staff. 25 . . 



Students: 503 
Staff. 4 35 



8:40 am - 2:40 pm 



9:00 am - 3:15 pm 



Original Structure 09^9)- 
23,500 ft2, 3 stones; Wills: 
■ Face bricJr-on concrete block, 
r> oof. JJuilt-up, insulation 
board on steel deck, 

; Addition. (1955) 
, 19,200 ft2, 1 story walls. 
; Face' brick on concrete block 
,Roof: Built-up on Tectum panels 



Original Structure arid ' • ! Single Stor^* . 
addition. Single story, t Walls: Face brick and con- 
Walls: Face brick, fH<j, j crete block, 60% glass, 
and concrete block, 3^% , j - Roof: Steel*deck, rigid 
.glass. Roof: Built-up on | insulation, built-up roofing. - 
cedar wood deck, part of . ; 
roof with added insulating f 
„ board. 



Lighting . 



Heating and 
Ventilation 



Fluorescent 



( Unit ventilators sWam^m %] 
original building, water an 
addition, 2 gis-fifed- 
boil^rs. 



\ 



Fluorescent 



Incandescent (before retrofit) 
Fluorescent and H. P. Sodiun 
(after retrofit) ** 



Typical annual 
Oegree-vdays 



Typical heating* 
Fuel use (be- 
fore retrofit) 
^ Bhi/hr/Ft? ' 
Oegree-day . 



Hot water baseboard heating, 
4 central air handling units 
for heating and ventilating 
two gas/oil hot water boilers 



Hot water unit ventilators. 
1 One gas-fired hot water 
boiler. 



5700 
3T 

28 



6100 



11 



3?00 



15 



EK1C.S 



19 





P = proposed, but not implemented 

■ • t 




X 



Sensors 



r 



Thernlllnear probes were use<fcfor sensing ydter and air temperatures in 
the school. Classroom temperatures were monitored by four temperature sensors 
arranged between the floor and the ceiling, normally, dbe average of the four 
sensors was used; room temperature stratification* of /ess than 3°F.was typi- 
cal. ^ / 

Outside air temperature, wind speed, and wind direction were measured with 
a commercially available weather station installed on the ' roofs of the 
schools. In the more coup lex system, the weather station also measured the 
dew point temperature and precipitation. Insolation (amount o£ sualtfeht) at 
this site was measured by a precision solar pyranometer. 
• * 

Water flows were measured by positive displacement flowmeters ranging from 
578 inch to 6 inch pipe siz^. Cas and electricity was monitored through 
pulsers installed on the utility meters. At'one school, heating oil use was 
monitored by punitive displacement* flow meters in the oii supply and return 
lines leading to and from the oil tank. 



7 * 

Data Collection System 

The data ^collection hardwart at each schbol was controlled by a micropro- 
cessor. The microprocessor "read*' the value of each of the sensors once every 
5 seconds, and the cumulative sums of these values during an hour were stored 
in the microprocessor. At the end of^jeach hour, the hourly average of each 
sensor v^lue was calculated, as well as a measure of the sensor's* deviation 
s f row the average^during each hour. 

These 'hourly averages and values were stored in the memory of the 
microprocessor at the schools. Perjpdiqally, the data were transferred by 
/ phone line from the microprocessor at edch of the three schools to LBL. These 
/ data were transferred to off line storage accessible by the main computer sys- 
tem at Lawrence Berkeley Laboratory and were available for more detailed 
analysis. # < v 

* m 

information Gained from Detailed Monitor inland Experimental Changes . 

The detailed monitositvg produced information helpful to understanding the 
differences between thef actual energy savings ?ntf the predicted energy savings 
(a topic which will bp explored in'depth in Chapter 5) and permitted some 
indication of the energy saving contribution of several individual retrofits 
installed at each of these schools. The usefulness of the accumulated data 
, was compromised by problems whi'ch included: c - 
* ' , . - t 

l. f Operational variances withift the spgces of a given school. Thus, the 
temperatures, flows and system operation observed in the monltoreti 
spaces were not necessarily representative of the Entire system in 
that school. 
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Failure of data acquisition hardware- Failure of flow meters /tand 
temperature sensors and, in one case, frequent total Detailed Moni-^ 
torxng System (DMS) shutdown interrupted theflow of usable data* 



* 

J* Time and distance.. Delayed completion of the retrofits limited the 
time during whiofi meaningful data could be gathe&d. Delays were* 
also realized in getting the DMS's reliably operational . Then del-ays 

_ in receiving and analyzing da^a coupled with, the distance between LBL 
and the monitored site made discovery, verification and correction of 
problem difficult. • * 

Ihe above problems, weather variations and the fact that this monitoring 
was § conducted reeiotely for occupied buildings made it extremely difficult to 
conduct a precise, controlled analysis of the benefits derived from individual 
retrofits and operational changes*. However, by analyzing and comparing data 
from relatively lopg time periods, consistent trends were observed and 
defined* While the information gathered is not precise, it nonetheless gives 
a general indication of the^energy savings produced Vy some individual retro- 
fits and operational chanced at the three schools- 



Before the retrofits were installed, the average dai(y energy use £f the" 
three schools ovet the 273 days between September 1 and June 1 Ranged from 93 
to 300 therms of heating fuel, and from 490 to 990 kilowatt hours of electri-1 
city per day. At a heating fuel cost of 30C/therm and an electrical energy . 
cost of 4c/kWh ? the average daily energy costs would have ranged from $48\00 
to $204.00* 



Information obtained fron the detailea monitoring at 
indicates that 



the three schools 



1 



^The night setback" retrofit- (involving operating with lower thermostat 
settings and without ventilation during non-school hours) was not well 
implemented at two at the three schools, thus the resulting energy savings 
attributable to this retrofit were less than anticipated* For example, on, 
weekends and holidays the$e two schools use4 more than 90% of the fuel 
used on schooldays./" At the third school, where "night setback" was to 
60 F and was properly implemented, the weekend and holiday, fuel use was 
reduced to 70-80* of sclioolday use. * * f r 

Shutdown of the boiler and hot water heating circulating pumps during 
periods of moderate weather (typically less ^than 25 degree days) yas 
accomplished at two schools. This shutdown operation was particularly 
effective a tJ the school where the "night setback" retrofit was not well 
implemented. At this school the heating fuel savings due to boiler: <and 
pump) shutdown were approximately twice those realized at .the other school, 
with properly implemented night setback. 

Observed energy savings produced by this retrofit ranged from 50 to 100 
therms per day of heating fuel and 100 KWH of electricity. Using the 
energy costs previously stated, the daily 'dollar savings ranged from 
$rfc.00 to $33-00. * • 

* 

\ 



o 
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3. At school #9, the addition of 2'| of. roof insulation ^reaucing the roof' "U" 
value from 0.12. to G.08> resulted in an observed^' use savings of 
approximately 10X. use savings or 

4. At school # 9f 2540 ft. 2 -of window gl'ass (about 30% of the total R lass 
area) was covered, with insulating panels:' ("U" of 0.18). The' observed fuel 
sav^pgs produced by this retrofit was approximately 7%. . 

5. Outside ai?* temperature (degree days) was .the, overriding weather influence 
on heating fuel use at the schools. I Electricity use was not clearly 
dependent, on degree days, except where boiler and- pump shutdown occurred 
during, warmer weactter. 

6. Wind speed was demonstrated to have a significant' impact upon hea title fuel 
use oo school days, but not on non-schooldays. Based on results from two 
of the schools, a wind speed increase of 10 miles/hour caused' 25% 
JHh^ 8 ! J gating fuel consumption during a schoolday. This increased 
School day fuel usage is related to door (and possibly Window) openings 
that occur when *he school is in operation. 

7. Outside door use was monitored at schools U and 6. Typical "open" ' tine 
for main outside doors was from t0 { hour per schoolday . Average use 
of all outside doors ragged from 1/10 to l/ 4 hour daily per) door. 

8. At school the heating fuel use on cloudy 1 days was typically 10-152 
greater thari on sunny davfc. ^> 

9. At school adding turbWators' to a single,. well maintained boiler pro- 
duced an observed 2-3% boiler efficiency increase. • • 

1 

16. Also at school £6, heat input to the two monitored classrooms was reduced 
at least-155. by the addition of an inside plastic coVering to the windows 
stf the classroons* 

11. Lighting accounted for half to three quarters of the elecricity use at the 
. three schools. , 7 

i2 ' £ t Ci) ° f ° e ] f 9 ' th * *eplaceaent of the existing incandescent lamps with 
high-efficiency fluorescent and' high pressure sodium lamps resulted in 

tlT « •}S; r S lt ? 8aVln8S °' f 315 V - The " wln 8 8 ln electricity for light - 
. ng m individual classrooms was approximately U0X. Increased li K htin R 
levels were repented in" this school after the new.lamps were installed. 



v . * 
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J£ter the 1971 oil crisis, many school systems initiated their own conser- 
vation plans, -with varying degrees of success. Historical energyyuse at the 
school* observed was^ evaluated in light of existing conservati/rfn programs 
(many of which were diminishing at the time this program was undertaken). In 
this evaluation, energy use since the tine of the oil embargo, and energy qse 
before and after the retrofits were installed, were compared for all o£ the 
schools together and for each school individually. 

Year-to-year totals of Actual heating fuel use are presented in Figure LA. 
Corrections were made for yearly differences in heating degree days. This 
comparison shows a 15% reduction in heating fuel use between the 1074-75 
school year and the 1976-77 school year. This decrease was due to energy con- 
serving actions taken by the school districts prior to the installation of any 
of the^retrof its of this program. • ' ' 

Between the 1976-77, school year and the 1978-79 school year, an ( add itional 
1.7% i decrease in school heating fuel consumption occurred. This decrease was 
due to the retrofits as installed: At three of the schools, retrofit instal- 
lation was substantially completed during the 1977-78 school year. At the 
remaining six schools, the retrofit installations were substantially completed 
during the summer and fall of the 1978-79 school ,year. 

Year-to-year totals of electricity use are presented in Figure IB. 
Betweeh the 1974-75 and .the 1976-77 school years, before the retrofits were 
installed, energy conservation actions achieved .a 15% savings in electricity. 
Between t |ie 1976-77 and the 1 978-79 school year* electricity consumption was 
reduced by an additional 3%. r 

A school-by-school review of historical energy use is shown in Figure 2. 
Heating fuel use is shown in Figure 2A for each of the schools (in Btu per 
degree day per square foot, Btu/DD/f t^ 2 ). At the four schools with the 
highest annual heating fuel consumption (20 Btu/DD/ft. 2 0r greater) reductions 
in fuel use were made by the school district personnel beforf the retrofits of 
this program were installed. At two of the remaining five schools, heating 
fuel increases occurred. .Heating fuel savings occurred at fc six of the nine 
schools after the retrofits were installed. 



*V ^ Electricity use is shown in Figujre 2B on a kilowatt-hour per square foot 
MiaBis. Before the retrofits were installed, significant electricity savings 
had already been accomplished at four of the nine schools. The. two schools 
wUtT annual electricity use above 5 kWh/ftx. 2 showed electricity reductions 
during this period. \ 

•After the retrofits were Installed electrical energy consunptlon was 
further reduced at two- of the four schools having significant pre-retr'of It 
savings. One school whlch^had been increasing electrical energy use before 
I retrofits, reversed thisv-trend after retrofits were Installed. The other six 
schools had no post retrofit savings or had increased electrical energy Use 



FIGURE 1. HISTORICAL .ENERGY USE . 




0> 

"5 



5 1.5 



o> 

JSC 



CA 
C 

o 



Total electricity use - 9 schools 



1.0 



2 0.5 



1974-5 75-6 76-7 77-8 * 78-9 



-14>A- 



XBl 799 2753 



2G 



/X3 



lV)!Pt \ hi SfD^rcU' -ENERGY USfc F:«! iftlVIWAL SCHCCLS. 



<M 




0 
9 
8 
7 



1 6 



% 5 



3 - 



A, Heotmg fuebuse (Btu /degree -doy /ft 2 ) 



* . Retrofit, installation ^ 

Baseline year used in original savings'prediction 



i 



B'. Electricity use 
(kWh/ft 2 ) 




V a 
i 

. o 




■5- .—5 _ 



* Retrofit installation ; 
■-7- No savings projected after'retrbf it installaUon ' 
0 Baseline yearned in original savings (Jfediction ' 
J I j « * 1' 1 



73-4 74-5 

\ 



75-6 ' 76-7 ' >7-fe 



X 



76-9 

■ X8L 7^0752 



\ 



Alirr retrofit . , . \ 

- v ' i • ' l- 

i 

Actual vs. Projected Savings , I 

The total savings at all of the schools were compared to predicted sav-^ 
i*gs. This comparison, shown in fable 4, is based on* savings accruing atter ' 
the dates the retrofits werf reported to be^ complete. ' \ 

• Table 4A shows , that if the predicted savings at allgbf the schools hadr* 
been realized,, the overall heating fuel^avmgs woul<Hiave been 3>% and the 
overall electricity savings would have betn 18JS. 

If the actual savings are based on the "baseline year" used in the "origi- 
nal savings predictions (the 1973-74, 74-75 or 75-76 school year, depending on 
the school) the actual^savings were W for heating fuel and 4% for ; electri- 
city. Note that these "actual savings" values include the combined benefits 
o. the Saying Schoolhouse Energy" retrofits and independent changes made by 
the school district personnel 0 n thei own, after the "baseline year." In some 
cases the retrofits automated the'maniral energy conserving procedures already 
instituted by the schools. * ' * . 

To^more closely approximate the direct benefits of the "Saving Schoolhouse 
Energy retrofits alone, these "total savings" values were re-computed ^based 
on the year before the retrofits were installed. This way, the benefits of 
che^ changes made by the district personnel between the "baseline year" and the 
year before retrofit" are at least partially removed from the total savings 
values. Based /"orr the "year before retrofit," a 15% savings in heating fuel 
was achieved,, an)d electricity showed no change.- 

A school-by-school breakdown of actual vs. predicted savings is shown in 
Table- 4B. The reasons fqr the differences between the actual and predicted ' 
savings are discussed in Section 5. 
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TABLE 4 PREDICTED vs. ACTUAL SAVINGS 
(THOUGH THE 1^78-79 SCHOOL YEAR) 

m » ■ 

A. TOTAL SAVINGS DUE TO RETROFITS - 9 SCHOOLS 



' Basis of 
\ Savings 



A. Originally predicted savings 
•^Iji energy audit 

8. Actual pavings - based on 
baseline year of original * 
energy audit predictions 

C, Actual savings - based on 
year before retrofit 



Heating Fuel + 
' Savings, % 




Electrici ty 
Savings, % 



18? 



4% 



8. SAVINGS DUE TO RETROFITS - INDIVID^ SCHOOLS 

J 



School 
Number 



1 

2 

* 

3 

4 

i 

5 
6 
7 
8 



Heating Fuel Savings* 



original 1y 
predicted 



m 

28% 
572 
18% 
29* 
332 
502 
542 



Actual 
(Basis "B") 



4 

312 
362 
192 
442 
182 
10% 
292 
322 
212 



Actual 
(Basis "C") 



352 
'202 
11% 
202 
32 
-22 
332 
11% 
14% 



+ Corrected for year-to-year degree day differences 

* 

* Electricity use increase 
N.C. - No Change. 



Original ly 
Predicted 



Electricity SavingsV^ 



142 
. N.C 
'N.C-. 
30 
N. 
352 
15% 
182 
43% 



r 



Actual 
(Basis "B") 



8% 




Actual 
(Basis "C' 1 ) 



* 
* 

* 

6% 
6% 

* ' 

29% 



Chapter 5 

WHY ACTUAL RESULTS* DIFFER FROM PREDICTED RESULTS 



— It was envisioned, that the energy conserving retrofits would have been 
installed before the 77-78 heating season. This was not the case. As shown in 
Table 1, only one school reported its phase L retrofits completed for a major 
part of the 77-78 heating season. Two other schools had the s ir retrofits sub- 
stantially completej before the erid of the 77-78 season.. Most schools did not 
report their r etrof its, complete until. the summer of * 78 ; some were as late as" 
nid-Novenber '78. Thts^Ufe completion of the retrofits precluded the d&ta 
collection necessary ffyanaly^s of ^retrofit results for essentially all of 
the 77-78 heating season and v for aT*substantial portion of the 78-79 heating 
season. ' - ~ , , * \ 

✓ 

'There is a time lag inherent in data monitoring. For sites monitore4 
manually, there wa* a delay Jn. receiving utility bills and meter readings and 
a further delay in norcjglizing and evaluating the data.* For computer- 
monitored facilities, there were a^so delays in debugging the data acquisition 
system, in transmitting the accumulated raw data, in converting the r^aw data 
to usable information, and in „the evaluation of that* inf ornation. 

At the Outset, some of the projected savings were questionable- For exam- 
ple, one phase 1 report predicted that a large savings of electric power could 
"be effected by lowering .the temperature o'f the air leaving hot water heated 
air handlers. Thls^ predicted power savings can not be justified. In another 
phase 1 report a very l^rge sayings was attributed to a night setback retrofit 
even though the investigating engineer expressed doubt that a savings of such 
magnitude could be achieved. This engineer chose tb r stay with the prediction 
after* rechecking ' h^s inputs to the c6raputer program, even though the predic- 
tion did not seen reasonable to him (or to us). This experience points out 
the validity of questioning the output of a computer when such output appears 
unreasonable* * K 

Comparing energy, consumption on a degree day basis has certain limitations 
since, for any given day, the degree day figure is the difference between the 
average^, or mean, .temperature for that day and 65°F. Variables whicft also 
have an J impact upon fuel consumption, such as amount and intensity of sunlight 
and wind velocity and direction, are not taken into consideration. Since 
there is no .othejr read/ly usable basis for comparison, it is fortunate th*t 
the magnitude of err^r w^ll be less when comparing the number o{ degree days* 
for various ye^rs at any given site than when comparing degree days at two 
different sites. "Abnormal weather' patterns at any given site can lead to 
erroneous conclusions whe.nji$i*g the degree^ay basis for "comparison. 

When the monitor ed res Ul ts demonstrated that the actual savings attribut- 
able to phase 1 retrofits alhost universally did not approximate those antici- 
pated by the original engineering studies, it was deemed essential to conduct 
on-site, investigations to* determine the cause or causes of these discrepan- 
cies. 
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' Tho findings of these investigat lmis, wr* both ponlllvr nnrf wp.i(lvi>. 
There were several instances where nd.Htton.il "ener»y-«av tug" actions hod horn 
* taken (sowe of which proved to be tountet-prodietive) . mere were "many 
instances where the original cost-effective ECO's had not been effectively 
implemented or had been rendered inoperative by the operators.of the building 
Jin at least one instance, for valid reasons). In addition, there were many 
unforeseen c itc (instances developing during the school year that had a consid- 
erable impact upon energy consumption. For example, one school. had a fire 
which necessitated operating the school on a -full ventilation-occupied cycle 
for two days to remove the smoke odor. At the same school, the temperature 
control air compressor was. stolen (exactly ^en is, not known), causing the 
S r C ! Q C ? > be °P erated on a" uncontrolled full heating cycle for an undeter- 
mined p.eriod of time. At .another school^ the time switch 'that changes the 
control system from its occupied temperature cycle to unoccupied temperature 
cycle malfunctioned^ and, for a period of^Xunknovn duration, 'maintained the 
higher temperature without! ventilation air both day and night. 

In most instances, the people at the schools were conscientiously trying 
to conserve energy and to cooperate with the energy conservation experts. 

It is reasonable to assume that, haTdthe recommended ECO's been effec- 
tively implemented, the retrofitted systems been maintained in proper working 
condition and operated as anticipated by the recommended ECO's, fuel savincs, 
more nearly approximating those predicted wuld have been, achieved. To fuUtf 
understand why the results do not measure up to the expectations, it is neces- 
sary, to look at the individual ECO's as they were conceived, how they were 
inpleaented and how systeA operation differs frora^ that anticipated., 

' * * 

The ECO's are discussed in descending 'order , beginning with the most fre-' 
fluently recommended retrofit. 

• * • 

REjgCE -OUTSIDE AIR: Recommended for six systems, (five of which are equipped' 
with unit ventilators). In a sixth unit ventilator school, which historically 
taped the outside air-stakes closed, the recommendation was to increase 1 the 
outside air to satisfy code requirements. O 

\ 

- The outside sir considered here is "minimum" outside air. Minimum outside 
air is that quan-tity of outside air introduced by the unit ventilator when the 
temperature of the room served is -at room thermostat setting. The control 
cycle used at the schools in this program, and in most schools, was intended 
\l T^Wl f0l K yw3s the outside ai* damper is to remain closed until warmup 
is completed, when it opens to its .preset "minimum" position. If the room 
temperature increases above the room thermostat setting, all heating ceases 
and additional outside air, up to 1002, will be introduced Into the roo" ?o 
insure that air cannot enter the room at too cold a temperature a "low Unit" 
unit ventilator temperature discharge controller -intercepts the cooling signal 
from the room thermostat, and provides a Unit to the lowest temperature 
discharged to thej^^t. v 



Dampers in a unit ventilator *> not lend themselves to precise control of 

outside air, since the amount of air introduced does not depend solely on the 

position of the damper, and the positioning of the damper may vary to 

«..?IH- Pr ! wf the Syetea " ** y danper P<>«i"on will admit quantities of 

outside air which *11 depend upon the relative scat** pressures within and 

o 
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utHlcff tlu* huildWiKt upuh wind dlrttUou dtid velocity, and upon filter clean- 
Llne88. These dappers .alsu depend on sealing strips (usually felt), and 
damper motor to'zL^f to ef^fext a jreasodably leak«-proof barrier to outside air 
entry when the damper i? closed*' 

In three of the retrofitted unit ventilator equipped schools, the. post 
retrofit percentage of unit ventilators having damper-related malfunction or 
maladjustment varied from approximately SOX to nearly 100%* Damper blades and 
errand arms were found loose on their shafts* Damper operators, even those 
newly installed) did n9t effectively close .the outside air dampers* In many 
Case_a^_the sealing strips were not* in plate. r The penalty of the above mal- 
functions and defects can be total lack of control of outside air during, tjie 
.occupied cycle and the introduction of large quantities of unwanted outside 
air during the unoccupied cycle of the building* addition,, damper malfunc- 
tion or maladjustment ca.n contribute to freezing of the heating coil within 
the unit Ventilator* » 

In one school, the intended control Cycle wo*uld admit — less "^obts^de air 
than the fc *<jfode* required, even if the dampers had been capable of unimpeded 
operation, and also inhibited the full 10OX ,outside air cooling cycle* The 
specification to accomplish the retrofit for another school prescribed outside 
air quantities in excess of the code requirements , stated in the phase 1 
report* The authors are unaware of an£ reason for this action* 

• * ■* * 

In three other schools where the classroom unit ventilators appeared to be^ 
operating properly, with approximately correct minimum outside air, unit ven- 
tilators- cfr ventilating units serving non-classroom spaces had not been read- 
jusfed to minimum code requirements and were introducing excess outside air 
into the building* In some instances, these units are used infrequently . 

In a school with a central air handler, the toilet exhaust fans 'expel led a 
much greater quantity of air from the building than was introduced by the ven- 
tilation fans* The higher exhaust rate produced a negative pressure in the 
building, causing Increased infiltration and associated discomfort* In 
several schools the exhaust fans, which the pre-retrof it engineering analysis 
envisionec} would be stopped during the unoccupied cycle, were not addressed in 
the retrof it specifications and, as a. result, were found to be .operating at 

all times* * 

« 

Essentially all of the schools'are st*ll^ introducing more outside air into 
the building than w£^ intended or specified* -Sonera 1 so* admit substantial 
quantities during unoccupied periods when no outside air is to be introduced 
^through the unit vent'ilators . On paper this retrofit is very cost effective, 
bdt in practice it did not achieve target energy saving* ^ 

/ "* 
IMPROVE BOILER EFFICIENCY S .Recommended for five scnools* [ 

* ' 

Efficiency is defined as the percentage of fuel converted to useful heat* 
proving boiler efficiency mean* that less fuel is wasted in the conversion 
process. , Jn one school a boiler-burner replacement was recommended in order 
to tae advantage of the then lower cost of oil versus gas at that site - this 
change was deemed rion-encrgy conserving and wa*s not; implemented. In a second 
school, a new burner Vas installed in the existing boiler in lieu of the 
ce/oonended bo fl er-burne,r replacement, with, no detrimental' inpact on the 



anticipated increase in coabus'tioti efficiency. In a third cas^ f new *>tean 
boiler-burnejs* *jere substituted for the recommended new hotf water boiler- 
burners recommended to replace existing steam >oiler s . This substitution pro- 
vided the anticipated increase in combustion efficiency but had a ninor nega- 
tive impact on expected overaHr operating efficiency. because of heat loWes 
from the steam piping and converters which would, have been eliminated had 'hot 
water boilers been used* » 

For the most part this retrofit has increased the combustion efficiency of 
the boilers at these schools, fhe^e are two notable exceptions, however* The 
combustion efficiency of the boil££ in the school where a recommended 'replace^, 
afcnt was not instal ledj has dropped from a reported BOX to a /ire<fcncly measured 
72%, indicating a need tor -maintenance. The combustion eff iciency of a boiler 
which was retrofitted *ith a new burner was recently measured to be 63%, down 
from the 82% measured imediately after retrofit, because of a reported burner 
readjustment necessitated by an oil suctiQn lW problem and because of 
mechanical problems with the new burners. Correction^ of the oil suction line 



V 



probler 



As 



was delayed until* the ground thawed* - * 



measured in March 79, the overall unweighted average boiter 'combustion 
\*ff*cieucy at f u ll ' firing rate vjis 75% at the five schools involved fh this 
retrofit. Anticipated combustion efficiency was 80% plus. Reported effi- 
ciency before retrofit was 70%. Therefore,' the time of jour most recent s'lte 
inspection this retrofit was saving approximaf ely half of the anticipated 
amount • ^ * 



NICHT SETBACK: Recommended for four schools*" In three cases, the night-time 
or' unoccupied .temperature 4as not. spec if ied . Also, in three cases, the set- 
back hours wore not specified. 4 * 



It is commonly cohstfdered desirable to provide a night setback of approxi- 
mately 10-15°F less than occupied temperatures. It was 'assumed that a tera* 
perature no" higher than 6b°F for unoccupied 'periods was used in the computer 
simulation*^ irrive at the predicted energy savings. Further, it was assumed 
that, in the simulation, the system was presumed to be indexed to Occupied 
temperature somewhat before the normal beginning of classes and to unoccupied 
temperature at or about the end of the full occupancy school day. It was/also 
assumed that tie system remained on the unoccupied cycle for the duration of 
weekends, holidays and vacation periods. - 7 

X / 
In three o£ the schools, w» found the night (unoccupied) thermostat set 
points to be ytdely variable and nearly universally well above the assumed 
-60 F target. ^In soqe rooms, the night control point was at or above the tfay 
setting* Night control points of as high as 80°F were observed, with Q any in 
the high 60's to Md 70's. • 



In two school*, the principal had ordered that the system be *ept at full 
daytime operation in the entire" school until 5 p*o. (classes e/d at 3:15) so 
that the few people still in the building would be comfortable./ Three of the 
schools were indexed to daytime operation a? early as 4:00 a.m/ to prepare for 
classes which start n<5 earlier than 8:30 a.m.* \ ./ 



• * 

^This ECO also assuoed that no outside a*ir would, be introduc 
intilation system at night. In two of ttiese* schools,; t;he fc outs 



iuced through the 

ventilation system at night. In two of ttiese* schools,; t;he k outslde air dampers 
did ooJl close conpletely (some did not approach closure), thus, a * Substantial 
quantity, of outside air' was introduced during the night cycle of operation. 



In one school many of the unit ventilatory cycled to maintain the night 
temperature, were startfed during the' unoccupied cycle with the heating control 
p valve closed 6r nearly closed. Specifications did fot address this issue. 
Some of these same units have outside air danglfrs which never closed corn 
pletely. The result was that the units were required to operate for longer 
than necessary "night" cyple time periods while unwanted outside air was also 
introduced. TJtrcTe - started , most of these*unit ventilators never shut off dur- 
ing the reoainder of the unoccupied period. In this sane school the "old" 
section^ of the building has steam unit ventilators with a control cycle which 
opens the control valves on the unoccupied" cycle, "nils lead to the overheat- 
ing of several rooms during the unoccupied portion of most of the school year. 

In one school, the simulation assumed that the hot water circulating pumps 
(and presumably the boiler) would be stopped on the unoccupied cycle until the 
outdoor air temperature dropped below 35°f. The post retrofit unoccupied con- 
trol system actually employed precluded this energy saving feature. 

» ■ 

The elevated temperatures during the- night-time or unoccupied cycle, the 
t longer than anticipate^ occupied temperature cycles, the undisired introduc- 
tion of outside air, the night operation of toilet^ exhaust fans, the unneces- 
sary operation of unit ventilatdr and exhaust. fan motors, and the unantici- 
pated additional operation &f boilers and pump, all contributed to greate-r 
than ^expected energy use. / 

■ 

STOP EXHAUST DURING UNOCCUPIED PERIODS ; recommended for four schools. In two 
of these schools, all toilet ex ha us t^fans reportedly run continuously. They 
are not connected to the occupied-unoccupied control dycle. 

* 

Exhausting air from a building causes increased infiltration, especially 
in buildings where the outside air dampers do not close completely during the 
unoccupied cyc^e. Increased infiltration increases ^energy consumption. 

INSULATE ROOF : Recommended and implemented for three schools. 

There is no doubt that insulation saves energy. There can be considerable 
t doubt that add4j}J&Ansulat ion to* a roof, by and of Itself, is "cost effective" 
as defined by this program. For example, at one of . these single story, flat 
roof schools in a 5300 degree'day climate, the Justification for insulating 
lOOX^of the roof area was based on combining the addition of roof insulation 
witlr night setback. In this case, the roof insulation by itself could not 
qualify as cost effective (based on figure's taken directly from the phase I 
report which recommended it). 



REDUCE EQUIPMENT OPERATING TIME : recomraended in thrfee schools. The night- 
setback ECO should # also reduce equipment operating tine in nost cases, but 
this discussion deals otUy with three schools where this recommendation was 
pade separately. * V 



r 
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/ — / 
Iii /urn. 9fohott\ the occupied cycle was to be changed from a duration of 
twelve hours) lo seven hours. Actual pojftr retrofit operation permitted the 
occupied cycTe t<? function for as many as cen hours. 

J . ^ 

In jV^ econd , $chodl the reduced operation was to be effected manually by 
tj^bp^ratlng personnel. There is no record that the operating personnel were 
instructed to reduce operating hoars and therefore no'reduction in operation 
occurred. Increased activities now require more equipment running time than 
at the tine of the phase I report. 

At/^he third site, this re trof it -envis ioned discontinuing summer operation 
of the ventilating system, but did not implement a convenient method of accom- 
plishing this task. " ~ 

The increase in hours of operation on the occupied cycle for two of the 
three buildings consuned more energy than estimated. 

LQKER THERMOSTAT SETTINGS : recommended for two schools.' This retrofit was not 
totally accomplished in .either school. Both schools are equipped with unit 
ventilators . j 

Human comfort is k function, not only of, dry bulb temperature, but, also 
of relative humidity , /air movement, and mean radfant temperature. Unit venti- 
lators tend to product substantial air movement withirt the occupied space , 
especially in that portion of the space in close proximity to the uni^t. While 
68 F, or lower, cay be comfortable under some circumstances, it may not be in 
a unit Ventilator equipped classroom. 

It should be noted that the standard unit ventilator control cycle will 
.not permit the ^pace temperature in a classroom toHLncrease appreciably above 
the temperature set point during those periods of the year when the outside 
air temperature is low enough to cool the room. Thus, unless the control sys- 
tem is modified to provide a "dead band 11 in space temperature control, when 
Che space ebernostat Is set for an energy having (but uncomfortable) 65°F 
+2 F, the control system will prohibit allowing the~jspace to float to a- more 
comfortable higher temperature resulting from the free heat due to'internal 
heat gains. It will instead introduce cold outside air to coof the classroom 
to about 67°F. 

Actual space temperatures maintained in these two schools at the time of 
inspection were in the mid to upper 70's. Since the room temperatures were 
not lowered as anticipated by this ECO, these schools are saving less energy 
than projected. 

RESET HEATING MEDIUM (HOT WATER ) TEMPERATURE : recoonended in one school, 
installed or reconditioned in four schools, < 

/ 1 
This energy conserving feature, installed in more buildings than initially 
saWngT^' WlH " tCnd C ° pr0duCG 3 30oevhat greater than anticipated energy 

" "\ " * " ■ 

RESET SUPPLY AIR TEMPERATURE' : recoonended in tvo schools. 



Operating one of these systeos as recommended by tfiis- retrofit, as imple- 
oented by the specification generated for its accomplishment , and as accom- 
plished by the contractor would lead to pccupant discomfort during most^of the 
Operating season. Internal loads require air temperatures lower than' speci- 
fied for most of, the operating season. 

At the second site, leakage through the face dampers within the atr han- 
dling units and heat exchange around them, made attaining the temperature goal 
impossible without introducing excess outside air* Th$ function of some pf 
the units also precludes the operation specified in this retrofit since two 
units provide the heating for dedicated spaces and must respond to the needs 

of these spaces. , 

* . - * 

The net effect on anticipated savings is negative* 

* < 
PREVENT ATTIC VENTILATION ^ DURING WINTER ; recommended for one school. i 

■* * 

This retrofit was not implemented* 1 

* 

IMPROVE LIGHTING USE* SCHEDULE : recom^nded for one schpol. ' 

Implementation was to have been, accomplished by instruction of building 
users. Building use now requites more periods of lighting use than when ini- 
tially surveyed. The lights are not turned off to the extent anticipated by 
this retrofit during those hours yhen si/ch action is possible. 

~" * 
INSTALL ENERGY EFFICIENT FLUORESCENT LIGHTING LAMPS AND FIXTURES : recommended 
for one school, installed in four schools. 

The new lamps and fixtures use less energy than the original fluorescent 
fixtures and substantially less energy than the original incandescent fix- 
tures. Th<*, decrease in lighting power consumption in four schools instead of 
one, lowers energy consumption beyond the predicted level, if increased hours 
of use does not cancel the increased efficiency. 

REDUCE WIUDOW AREA : recommended and implemented in one school. 

Reducing window area by replacing a glass area with materials .having a 
higher "R" value (Jlower "U" value) saves energy, but was not "cost effective 11 
as employed in this situation. This retrofit received its justification by 
being combined with night setback. ■ * 

AUTO BOILER CONTROL : recommended in one school. ' . \ 

At thl^J^lte, th£ boiler was originally permitted, by action of a time 
clock, operate to maintain steam pressure between the hours of 4;00 a.m. 

and 4:0j> p.m., seven days per week during the heating season. When cold out- 
door temperatures were e£g£cted, the operators oaaually bypassed, the time 
swi to maintain steam pressure 24 hours/4^y. .They reportedly also shut 
dovrt the boilers in mild weather- 

The engineering analysis stipulated that addition&l controls be employed 
to reduce the running time of the boiler by tailoring the boiler operation to 
actual need- 



The implementing specif ication' called for a thermostat, sensing outdoor 
air temperature, to start and stop the boiler. The tentative setting of this 
thermostat was to be 60°F. 0 

< 

This facility did not save energy at the predicted rate. The school sys- 
tem has reportedly Implemented additional energy saving measures. This leads 
to the contusion that the boiler control retrofit, as accomplished, did not 
reduce the boiler operation to the expected extent. 

|EDgCE-priLTRATION; recommended fpr one school - not implemented'. ' Lack of 
implementation has ^negative impact upon anticipated energy paving-. 

J 

\ • ' 

Several features, which were not directly called for by any of the recom- 
mended retrofits, were added by specification. These are as follows: 

OPTIMAL START PROGRAMMERS : employed at four schools. 



This device varied the time atwhich the heating system was indexed from 
the unoccupied c^cle to the ocAed cycle (start time). The start time is 
varied according to outdoor air te^lrature and a building "U" rvalue siaula- 
5o /u C .« § r ° vlde a P reset "occupancy ready" condition. The "IT factor 
(Btu/hr/ft /°F temperature difference) is a measure of the heat loss rate- of 
the building. som* models of this device have cxtfs determining the earliest 
possible itart tine, while others employ a time clock for this function. 
Cims, v/hcn employed, ir e available for either 2-hour or a 4-hour maximum 
warmup cycle. - v 

Although not employed in three of the test schools, this device is avail- 
able with an optional feature providing an output which can be used to insure 
that ventilation does not occur during the warmup cycle. 

This device did not directly account for three important considerations in 
determining optimum start time; ;) the temperature of the heating medium 
available to accomplish building warmup, 2) the type of system which will 
accomplish warmup (i.e., fan driven or convection), and 3) the actual initial 
temperature within the structure from which warmup must occur. Conscientious 
calibration' of the "U" value input to these devices might partially compensate 
for some of these variables. 

As installed and calibrated in all four schools, 'these' devices caused 
unneeded operation of the heating systems (wasted energy) during warmup. 

flPJL MMim CIRCULATING ilJMPS (AND BOILERS ) WHEN OUTDOOR TEMPERATURES EXCEED 
6£°F (60«> M: employed in four schools. 1 " 

f.^ 3 *V l0gica1 ' *» d uiu ally easy to accomplish*, energy' conserving 
feature. For any system which was not already manually operated in a similar 
manner, and compatible to this type of operation, this retrofit saves energy. 

SERVICE ST LAM TRAPS : specified for one school. 

r 
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Leaking or malfunctioning steam traps are extremely wasteful of energy. A 
visual inspection, in early March 79, gave qo confirmation that this work Had 
been accomplished.' 

ALLOW ROOtf TEMPERATURE TO " FLOAT " from to 7%rL- (£ Type of " Dead Band 1 ' 

Control ) specif ie<TT5r one school (unit ventilator equipped). 

This specification proposed operational cycle Jfor the tfnit ventilators 
that would close the outside air damper at any room temperature below approxi- 
mately 73°F. Full heating was specified to occur at 65°F room temperature and 
fulUf^ee coaling at 76°Fj (The equipment installed prohibits the possibility 
of a full cooHag cycle because it is unable to provide a full cooling signal 
to the outsifre air damper control.) 

There is np doubt that this cycl e woul'd conserve energy; however, it 
violates most existing state ventilation codes {including the state in which 
the building is located) because it relies upon infiltration to provide venti- 
lation until "free" cooling of the space is required* In actual operation 
during the occupied cycle, the room temperatures would rarely be below 69°F 
but would frequently be at, or even/above, 78°F. On*any given sunny but 
fairly cool day,_some rooms could be at each extreme. While both conditions 
are within normal human tolerance levels, having both conditions existing 
simultaneous ly can lead to occupant complaint as occupants migrate from space 
to space ft is possible that the following day might be cloudy and cold 
causing the 1 rooms that were ^8°F the day before to be only 69°F« Day-to-day 
variations also cause discomfort and complaint. 

This retrofit was not installed in conformance with the ] specif ication, 
Itie installed system Relayed the "minimum" ventilation cycle Jbntil the space 
requires no heat. -*Full outside air cooling was also disabled./ It should be 
noted that "dead band" control, properly implemented, can pre/vide comfort and 
satisfy ventilation codes while conserving energy. 



ADDITIONAL RETROFITS. 



Phase II retrofits (additional retrofits installed sub^equerit to the com- 
pletion of the original retrofits) were installed at one site. They con9isted 
of: ' * „ **■ * 



MORNING WARMUP TIMER 

" — c 



This device restores full heating medium temperature, subject to the abil- 
ity of the boiler to provide maximum temperature-output when handling the 
warmup load, for a predetermined time period. The purpose of this device was 
to shorten equipment operating time by provtrling the capability of a more 
rapid tjorning warmup in a "slow to warm up" school. • 

STOP BOILERS AND HEATING PUMPS ON UNOCCUPIED CYCLE Atf OUTDOOR AIR TEMPERATURE S 
ABOVE- AQSf: 1 * ~~ 

1 
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This retrofit is an energy saver, provided the svstem va* ,j, a • 

ALLOW VENTILATION ONLY DURING CLASS HOURS • 



Prohibiting the Introduction of ventilation air during other than the full 
roTuc^of ° f SCh ° 01 33VeS en " 8y durt "« wa? n u a d SSv n s J ' 

\t j 1 ; c :; t v utslde air c ? c ° o1 the °° rn " in8 ™™? o^l^ t £ - 

is iineiy to occur with some types of Systems.. 

The delay in successful accomplishment of the phase II Se trof its and the 
s multaneous correction of basic system inadequacies makel J impossible Ao 
oT KS ™«ion -lues, based^on proven reSuUs! o Any 

SS-'SSA-ISS! 1 ^ erauon * have aI *° 

D r e d[LT matl ° n ' J 8 " 0 " contrlb «ing to this program not achieving the 
savW Lilt ?Z &S i ^ 1Uded 3 ° ae lnStanCeS 0f 0V « estimating poS.lbU 

: c ynr;: ^s 8 . a ; a r:* in rr- ° here the 

the J installation was not in conformance with the specifications for 

SeaTpaVol ^ po^fs^" °' ** ^ « 
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Chapter 6 
COHCLUS IONS 



Due to legal and procurement difficulties, the retrofits intended toy be 
implemented in the schools during school year 7 7-78 were not accomplished 
e x cegt _in_ nn^sc_^gQ^^_ yh ^ ^ ed -i«^ w fttnds ta accucptlsflr rfie prescrftecT 
retrofits* Thus, the 1977-78 he&tlng season did not yield any results on 
energy savings due to retrofits, except a^Jthat one school . j /( . 
* 

Completion of the retrofits were rtof accomplished until nid-Novenber 1978, 
which meant that In the mbre severe climates approxiaately 1/3 oi the 1978*79 
heating season had^passed before data was available for evaluating the effec- 
tiveness of retrofits* Several months were required to v analyze the data and 
draw conclusions regarding t.he retrofits and to verify the observed data with 
the. school operating personnel. "When inadequacies in -retro fit installation 
were discovered, either by information gained fron evaluating computer output 
data or on the tour of the. sites Conducted in February and. March of 1979, many 
installing contractors took the position that their installation was out of 
warranty, having be£n accepted more than a year previously* On this basis, 
they refused to correct the deficiencies discovered during this inspection* 

This program, which might be referred to as a pilot program, had many 
-advantages that will probably not exist Under the implementation of the 
"National Energy Act* Each school building selected for the pilot program was 
afforded the luxury of a comprehensive engineering analysis by a competent 
engineering firm skilled in the art, and was mbdelled on a computer using 
established and respected computer programs designed for this service* f "Cost 
effective" ECO's were identified. Retrofits were either % designed by 
Architect-Engineering firms or designed under the supervision of a licensed 
engineer* A large percentage of the retrofits involved temperature control 
systems which were modified or installedby national firms advertising them- 
selves as energy conservation specialists. The equipment used was of high 
quality. The. installat ions were checked and accepted by at least one licensed 
engineer. v * 

Yet, the Results were less than totally satisfactory* Some of the 'pilot 
program /schools have not b.een given the efftergy conserving potential that was 
in tended Hot them* Ottffers qid no't. reach their goal of satisfactory completion 
until. MarcKVf 1979. Another is/^eft with a system that cannot be expected to 
operate as\retrof itted without frequent manual adjustments to achieve reason- 
able comforf. These adjustments can result in defeating the energy conserving 

potential of the retrofit* 

r - — * • 

• 

The goal of the National Energy Act is to conserve the greatest amount of 
energy possible wi£h thtf limited funds available. It can not afford a large 
administration "expense* The funds reaching the targets will be passed through 
th** various states and territories, thus making control of the use of the 



*There, phase II retrofits were recommended basetf upon the results ob- 
tained {luring the ^7-78 heating season. 
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granted"funds more difficult. 

<.' ' ' * 

Another major o/oblem is/apathy. Many people are not convinced that- there 
1 !? «5 n f r8 - y pr6bl . en » #re unconcerned about the real and potential' negative 
i£act of importing aorefend We fossil fuels upon the health * our economy? 
<Wft <inwiuin g to sacrifice any degree, of comfort or convenient or, with the 
rostsof energy still being a relative bargain when compared to cost of labor 

fl^JTi !, t0 *?* £t ade <l uate ly to kee p*W Id ing- envelopes or mechanical 
systems operating efficiently. As an example, in one of the* test schools a- 

l?So « flt p re H 8 r r %, re J' ef . ValVe ^ b " n dl9ch «8*"8 substantial quantities of 
190 «atpr directly to the sewer continuously for more than a" month. • The 
maiDtenan^rdepartoent knows about ,the problem but either has not been able to 

ihlf B 2m t0 C0 " eCt U \ has not 8een flt t0 d0 so - Not -»nly does 
'SJnd Jfo US waste / , fOU > hl y estimated 2,500,000 Btu* s, each 24-hour 
u 3 fuel . M8t of 50.30/therm) but, it also creates other 

^IrlltJ a fM Tt , Th ! 3lr ^ CaU3e lnt ercuption of fW (which could 
Alt ? \<- 1 hazard and erratlc operation of the heating ,systemr and' a 

til o^ thC Sy ^ en ' S C0 °P° ne ^ 9 - serais, also have a tfetrSen- 

m tai impact on the operation and useable life of the system. ™* 

" K« i !^^ a ^ h ? rS 3t th ^ Pll0t pr ° 8rao sch00ls listed that room* temperatures" 
be maintained in the aid to upper 70's. 

nn r iL^iSu aPPear C V C a * Jor reason why the. reality of this program^ did 
not ^fttjthe expectations was that coapeteht participants were too impressed h 
by, -and reliant, upon, the" competence of other qualified' par ticipants , and that 
authority and accountability were not assigned to that segment of participants 
MnJ ?! >^ iUo " t0 ln8ure ' results. A participant with ultimate accounta- 
bility JS wise t0 operate under the assumption that, in the real world; it is 
.essential to become di T ectly involved in- order to ensure that one's own best * 
Interests are served. ' 




Supplement A 



•SIMULATING AM ENERGY CONSERVATION PROGRAM 
FOR YOUR SCHOOL SYSTEM 



Part I: ' 

GENERAL " > , ' < 

A. •Recognition of the Energy Problem by School Administration 

a> Energy costs are escalating rapidly while energy availability 
decreases. ^ 

b) Energy use in many school build ingiT can *be reduced 502 or more. 

■ m t 1 

c) The maintenance and teaching staff, the students and their parents, 
and the community in general must be made aw&re of the need to con- „ 

^ slsrve energy, even at the expense of some comfort. When all of t^ese 
groups are made an active part ofi any energy conservation plan, supe- * 
rior result's are obtained. 

4 

d) The operators and users of "the building and its mechanical system can 
* # be major contributors to energy conservation. Turning off lights in 

unused rocas'or the unneeded portion of lighting in occupied rooms; 
recognizing the need to become acclimated to, and dressing for, 
# , reduced room temperatures during the heating season; and recognizing 
that, an entire school facility cannot be heated after class hours for 
a handful of people, will make real* energy savings possibfe. 

• 

e) A comprehensive maintenance program has always been a good investment 
JncJ is essential to any 'effective energy conservation program. 

f) Saving energy also saves money in ever-nincr easing amounts as energy 
costs escalate.- ^ r 
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Part II: 

IS YOUR BASIC HEATING SYSTEM FUNCTIONAL? 



Applying energy conservation retrofits to a malfunctioning or nonfunction- 
ing system can create problems an£ disappointing results.** 

A. Hot Water Heating Systems,' In the 1950V, the trend toward hot water sys- 
tems accelerated.. Many systems were installed in a manner which creates 
operational problems. Some of the more cocaon problems are: f 

V 

1* Location of the point of connection t'o the expansion, tank. (Correct 
and incorrect expansion tar\k relationships ar£ shown in Figure 2). 



An explanation of the functions of expansion tanks and the problems, 
associated with incorrect location follows. 

a) Water increases in volume as its temperature increases. In a 
closed piping * system art expansion tank, with its cushion of air, 
provides the space for this ex^sion. The tank must provide ade- 
quate volume to accomodate tais expansion, withqut a major change 
in system pressure. 

Y 

♦<b) *he point at which tl^e^pansion tank connects to the main piping 
system becomes the point at which the system pressure does not 
change when the circulating pump starts or stops (provided the 
piping system is free oi air). 
* 

c) Water is, from a practical standpoint, "incompressible. Pressure 
changes do' not change the volume of water. 

d) Once a closed system is filled with water, it is not 'desirable to 
add water "to, or expel water from, the system. ^% 

e) A circulating pump generates a differential pressure, i.e., the 
pressure at> pump discharge Is higher than that at the pump suc- 
tion. For a working systeh this differential pressure must be 
equal to the friction* loss of th$ piptng system and all of the 
system's components, when the volume of water needed to convey tWe 
required heat is being circulated. 

f) Vertical displacement creates -static" pressure. If a vertical pipe 
10 high is filled witH^ater, it generates a static head (pres- 
sure) of 10' of water at the bottom of the pipe. This is equal to 
A. 33 pounds per square inch (psi). "Similarly a pump, which is 
rated at 10' heaji at design flow, when pumping design volume, of 
water generates a pressure at its discharge which is A. 33 pounds 
per square inch greater than the pressure &t its suction inlet. 

g) Most hot water boilers used in schools are rated £or 30 pounds per 
square inch internal pressure and are equipped with pressure 
relief valves that discharge water from the system if the 1 pressurfe 
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CORRECT EXPANSION TANK — PUMP ^RELATIONSHIP 



Expemnon unk 



Manuel valve (closed) £i Manuel valve- (open) Manual vefve (open) 

Check valvt* 

High press weter supply 

A*to feed 









• 

• 


^Heating weter return 
^ ffpm heating «Y«e 4 rn 






t 

Meeting hot weter to heeting syttem 




* 




u \M 



C'rcutetion pump 



INCORRECT EXP^NSlOPl TANk-PUMP RELAT/QNSHIP 



Manual 



^ fctosejffe & Manual *elvt (open) * 

. --V 



Heating water return 
from heating sytrem 

(15.pt*, pump need) 



? Check velvet 




Manual verve (open) 

H*gh press water supply 



Meeting hot weter to heating jyrtem 
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in the boiler approaches a pressure less than 30 psi. 

If air is entrained in Jtfce water, or is present anywhere in the 
system except in the expansion tank, interruption of flow can 
result; Interruption of flow disrupts the capability of the system 
to perform and can «ause problems such as freeing coils in ven- 
tilating units, m " * 

All parts of the piping sy^tea should be at pressures higher than 
atmospheric pressure. If" any portion of the piping system is 
below atmospheric pressure, leaks ox automatic ait vents in that 
, portion adnit air into the system. . 

IdeaMy, pu^s* should pump out of the boiler or converter; the 
expansion tank should connect into the systen at the boiler or 
converter outlet; and, che aut omati c systen feed pressure reducing 
valve should feed into the connection to the expansion tank. The 
static fill pressure (pressure with punps stopped) should be suf- 
ficient to naintain ^positive pressare at the highest point in 
the systen. For exanple, if the boiler is in a basenent .and the 
highest point in the, system is 30' above the. boiler the fill 
pressure should be a ninimuta of 30 x 0,433 or 13 pounds per square 
inch (13 psi). When the punp in this systen Is started, the pres- 
sure in the boiler will not change. The pressure at the punp 
discharge will increase to the static fill pressure (13 psi), plus 
the puop head and the entire piping systen remains at pressures 
above the surrounding 1 atmosphere. (Thus, leaks will expel water 
fron the system and automatic air vtnts will expel air when It is 
present. When this ideal non-leaking systen has been purged of 
air, | it will remain so. * * 

Many s/st^as have the expansion tank connected into the systen at 
the boiler or converter outLet but have the punps punping into the 
boiler. These systems also ^r^bably have the automatic, fe4d' pres- 
sure reducirig valve corineccfcd into the piping to the expansion 
tank. These systetfs can function adequately provided the boiler* 
and boiler -pressure . relief valve can accomodate a pressure high 
enough to ir^ure posi tive pressures throughout the system when the 
punps operate. In this instance, since the expansion tank connec- 
tion Is a point at which the pressure regains constant regardless 
-of puap operations, 'the gunip creates a pressure at its suction 
which Is lower (by the anounj of- the"" punp head) than the pressure 
in the boiler or the set'tlng of the automatic feed valve. Again, 
assurae that we have a boiler rated at 30 psi, with a difference in 
elevation between ttje boiler and tfre highest point in the systen 
of 30' (13 psi), apd that che purap* that has a 50' head (22 psi). 
If we have the automatic feed valve set at 15 psi (required static 
fill pressure of 13 psL plus 2 psi safety), the punp suction pres- 
sure, when the pump is started, becomes 15 psi minus 22 psi, -7 
psi (7 pounds per square inch 'below "attnosphe* ic pressure). A 
major part of this systen will be at sub-atmospheric pressures 
wljen the system is operating. Any leak or automatic air vent any- 
where in the negative pressure arta can admit air' into the piping 
system. 



alternative to replplng tnis system to correct the problem 
would be to Increase the pressure In the boiler (expansion tank) 
and the pressure setting of the automatic feed valve The boiler, 
however, Is rated at 30 ps-1 and 'cannot 'be operated at greater than 

♦ 30 psl. In sybtens Stfch as this yhejri the boiler pressure cannot 
be Increased^ to eliminate negative pressures within the systea, 
the only optlon'ls to replpe the system. to partially or totally 

. correct the problem, or live with the problem that entrained air 
will create. 

1) Another/ p rob lea that tan o^Cur, because of Incorrect expansion 
tank or pump or automatic fill location (and the associated air 
Introduction Into the systea), Is that there may be -no point of 
constant pressure. Ail air In the system acts as a cushion and, 
If air Is present anywhere In the expansion tank there Is no .point 
b * of constant pressure. Thus, when the pump cl rculat ion, Is stopped 
(as nay be desired In an energy conserving operation), the pres- 

* sure at the automatic feed nay drop causing It to Introduce water 
"into the systea. When the pump Is restarted, the pressure may 

Increase to tjie point that the relief valve will discharge hot 
water (wasting energy) and, by the time the relief valve reseats, 
the pressure In the systea Lay have lowered to the point that more 
of the systeo Is subjected to sub-atmospheric prejjsyjres. • 

m) Air In the systea can usually be heaxl as a "gurgling" sound. 
This "gurgling" Sound may be Intermittent or continuous. It may 
be alnost Inaudible or very loud. Loud and continuous gurgling 
Indicates a very severe entrained air problem. 

2. Types of piping systems for larger systems. - 

a) A two pipe reversf return system is Inherently self-balancing and 
requires little effort to balance (Insure that each connected dev- 
ice gets Its proper percentage of total water flow). This Is a 
system In which the first' device td receive water from the Supply* 
line Is the device at which the return line begins. The further^ 
from the boiler, the smaller the supply piping, and the larger the 
return piping. After the last connected device (return piping at 
Its largest), the return pipe Is routed back to the boiler (con- 
verter) (at maximum sizeO with no further connections. 

b) A two pipe direct return system Is inherently unbalanced and) 
therefore , requires f low balanc Ing devices such as balancing 
cocks, circuit setters, etc., and a rather elaborate balancing 
procedure to Insure that each' connected device receives correct 
flow. This system has supply and return lines running parallel to 
each other with the piping for' both supply and return largest ift 
size near the boiler. The las>t connected device is served by the 
smallest supply and smallest return connections. Both supply and 
return piping decrease In s!?e as devices are connected. 

3. Water Balance. VJhcn rooms heat at different rates In a hot water sys- 
tem that 1<> free of entrained air, % the need for water balance Is 
Indicated." Thl^ condition is far nurp lively to occur In a two pipe 
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F^ure 3. TWO PIPE DIRECT RETURN HOT WATER PIPING <-SYSTEM 
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direct return bystem and balancing is much more difficult on this type 
of system 



B * • Steata Systems , * 

1. One pipe— obsolete— very few still^in existence, 

> 

2. Two pipe low pressure, atmospheric return. 

* » " 

a) This system employs a condensate pump vented to the atmosphere 

* " j 

b) See SfEAM <TRAPS i CONDENSATE -PUMP MAINTENANCE in 'Section ZZI. 
Non-functioning steam traps waste large amounts of energy, 

3. Two pipe vacuum system 

a) This system operates at less than atmospheric pressure (vacuum) 
> and has a vacuum pump which pumps gases and wal£r# 

b) See VACUpl PUMP MAINTENANCE i n Section III. 

c ' Unit Ventllators^-B eatlng Type, ASHRAE CYCLE II CONTROL (tost commonly 
used system in American schools). 

1. This device performs the functions jbf heating, filtering of air, ven- 
v tilating, and cooling with outside air. 

2. A very common problem, usually undetected, is the '"operation of the 
dampers.^ Frequently, the outside air damper does nor'close tightly 
when the'contral cycle requires that it should. When no power {elec- 
tric control system) or air pressure (pneumatic ^ontrol system) is 
supplied to the- outside air damper operator, the outride air damper 
should be held closed by da'rapei> operator fo^ce. All damper sealing 
strips must be in place so tha^ the damper, when in its closed posi- 
tion, provides an effective barrier to outside air entering the unit. 

3. Jhe control valves used on early hot water units may have flat disc 
inner construe tion. This type of valve has very poor control charac- 
teristics and causes control cycling (energy waste) . 

4. See FILTERS, MAINTENANCE in Section in. . * 
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Part HI; 

IS YOUR MAINTENANCE PROGRAM ADEQUATE? 

\ a ^t\\ bUn t itlS en i; el0 P e8 and aechanical systens „,ust be adequately main- 
a*nedin order to function efficiently. . 

A. Boilers and furnaces. 

1. Keep heat exchange surfaces clean. For a boiler , this mean's free* of 
soot on the flame side and free of deposits' on the water side, "* 

2. Water should be treated as required to prevent corrosion of wetted 
.surfaces throughout the system. 

3. Check operation of all required safety devices at least once a year. 

B. Burners and Controls. . % 

1. Lubrication ^s, recommended by manufactured. 

2. Check combustion efficiency twice a year, once at the start' of the 
heating season and again in the middle'of the season. Adjust burners 
and draft for maximum ,c ff iciency. 

C Filters 1 ■ 

1. Cleaned or replacedjat interns required for your building. Filters 
-in unit ventilators are doubly important since a dirty filter not only* 

reduces the capacity of the unit, but nay also cause the introduction* 
of additional (unwanted) minimum outside air. S*» recirculated air 
portion of a unit ventilator filter typically gets dirttf sooner than 
the outside air portion. The increased resistance of the dirty recir- 
v . culatort air portion causes additional outside ^ir to jmter th'e unit 
through the minimum open position of the outside air damper. 

2. Use good quality, properly fitting filters. 

' I 

D. Fans. ( ' v - 

J " Sn^V" 0 "^ ^? Uld be kCpt cle «^Adequate filter maintenance 
will help keep them clean. 

j * 

2. Bearings to be lubricated per the nanuf a*cturer *s ij&t ructions . 

E. Heating and Cooling Coils (Air Cooled Condenser Coils). 

l. Finned' surface should be clean. Adequate filter maintenance will helo 
keep heating, and coolihg coils clean. ^ w neip 



.2* Repair or replace l<MklnK coila- 



F. Motors*. 



1- Lubricate in accordance with manufacturer *a requirement/. 
C ■ Be 1 tt> ■ , * r 

1. Replace worn or damaged belts. Belts which are checked, frayed, or 
show evidence off considerable wear are due for replacement. 

; 

r * 

2. Tighten as specified by the equipment manufacturer* Bel^3 that are 
too loose wear* out prematurely and reduce' the capacity of the driven 
device. Belts that are too tight nay cause bearing failure or, as in 
the case of a unit ventilator f objectionable noise, 

H. Pumps. *' 

\ - 

!• Follow manufacturer's lubricatioxr instructions* * 

2- Replace leaking seals* 

i 

I* Relief Valves. / 

\ - 

1. Check operation periodically during heating season. 

2. Repair or replace if leaking or not functioning properly. 

' f 

Jt Steam Traps-^check once a year, preferably at the beginning of the heating 
season* 

• — „ 

\y Traps are intended co prevent stean from entering condensate, return 
^ l^nes while allowing air and CO2 co discharge freely. irvto the conden- 
sate return lines* A simple performance test can be made by first 
making sure the stean control valve is open, then, while wearing a 
pair of heavy canvas gloves, putting one hand on the trap inlet line 
and the other on the crap discharge condensate line* A big difference 
in the temperature should be .quickly apparent. If no difference is 

detected, trap malfunction is indicated. Fepalr or replace as needed. 
i ■* ** 

K. Manual Valves* • 

I. Operate at least once a year. * * • 

2* Check for leaks around valve stems * Tighten stuffing boxes as 
•required • | 

* ■ * 

L* Strainers , 

I 1. Clean once a year. \ 
tl. Condensate Pumps (used on stean systens). • 
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, I. These punp* perform the functiuu* of ventlng-^r and C0 2 to the atmo- 
sphere, storing snail quanti ties'of condensate (water), and pumping 
the condensate back into the boiler, 

2. If stean is being vented at the condensate pump, steam trap "malfunc- 
tion Is indicated (seey trap maintenance) ♦ > 

■ - * 

3* Service and lubricate per-.manuf acturer's recommendations, 

N* Vacuum" Pumps (Used 1 on steam systeas) /* 
■ 

1. Vacuum puaps are similar in function to condensate -pumps except that 
Vacuum pumps pump air and C0 2 a s well as^&ter. Operation of pumps 
should be intermittent and a vacuum (pressure below atmospheric) 
should be indicated in the vacuum pump receiver* 

i . 

2* Inability to maintain the system vacuum indicates leaks within the 
system or that the pump requires overhaul* 

3. Service and lubricate per manufacturer's recommendations. 
O* Automatic Dampers an'd Damper Linkages*, * ■« 

1* Lubricate bearings least once a year (more often in unusual condi- 
tions such as in a salt air atmospherejT ^ 

2* Check linkage for proper operation each year* Damper blades and all 
crank arras must be tightly connected to their shafts and adjusted to 
alloj/proper operation* * . , \ 

dampers, particularly outside air and exhaust dampers, must be 
/able to close tightly when required' to do so^by their controllers and 
held in this closed position with force by the associated -damper 
operator. * 

y 4. Sealing strips (where used) must be intact and firmly affixed to the 
/ blades'or' stops. Loose strips should be re-glued. 

Automatic Valves— Annual* 

1* Check' f or**Ws at stuffing boxes* If leaking, tighten stuffing box 
or replace packing* 

IT (heck %jr tight closure. If valve leaks, repair or replace. ^ ' 

3. (heck for free and smooth control operation. Sticking or jerky action 
indicates corrosion on stems or a too-tight stuffing-box. Adjust or 
replace as appropriate. 1 ' 

A. If the valve is pneumatic, listen for air leaks. If leaking, replace 
operator or diaphragm. ' r 
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Automatic Damper Operators — Annual 

I- Check, for smooth damper operation. If sticky or jerjty, the problem Is 
likely 1ft the damper* See autonatlc danper nalrujarfance. 

2* If the operator Id pneumatic, listen for arir leaks* If 'leakage^ is 
apparent , replace diaphragm* 

3* Lubricate as directed by manufacturer* 

4* If the attached danper Is either an outdoor air or exhaust damper, It 
is usually "normally closed 11 * This means that, with no power applied 
to an electric clamper operator or no air pressure supplied to a pneu- 
matic damper operator, the damper Is to close* Insure that It is held 
tightly closed In this ff noTnal" position vith damper operator force* 

> ■ • • 

Qpntrol Air Compressors* | 

1* Change oil per .manufacturer's direction* 

2. Blow down theltlr storage tank, per manufacturer's direction* (Open 
drain valve at bottom , of air storage tank until all water has been 
re&oed therefrom*) 

3* Blow down air and oil filters bi-weekly. 

4. If compressor has a refrigerated altercooler, check its operation* 

Check automatic drain trap (if so equipped) once a week* Repair any 
malfunction* 

* ■>. 
Time Clocks* n i 

1* Reset after any power, failure* | 

2* Reset as time basis changes, (i.e., standard to daylight savings)* 

■ • 
3* Check for proper time once "a week* 

Expansion Tanks* 

1* In a properly installed system, this device requires little attention* 
Check monthly to insure that it has sufficient air to accomcrodate the 
water expansion without undue change in system pressure* See also 
discussion in IS YOUR BAfclC HEATIpG SYSTEM FUNCTIONAL? section* 

2* Som^ expansion tanks are pre-ch*xged with higher than atmospheric air 
pressure* Some have diaphragms* Most, however,. are not *pre-charged 
and usually have gauge glasses to indicate the water level* . With the 
system hot (maximum pressure in the system) the sight glass should 
Indicate that the tank is no more than two-thirds full of water* To 
recharge .a non-precharged tank requires filling the tank with air by 
draining the water. To do this, close # th£ valve between the tank qnd # 
the main piping system. Open the drain valve and drain all the water - 
from. the tank. Caution should be exercised because this water can^-ke^ 



very hot. Normally, a pail is used to catch the water, closing the 

^ val,ve while the pail is emptied. When the tank is empty, close the 

drain • vtflve and opefl the valve in the piping between the -tank ind the 

system. The tank will fill wirh water to the system's normal operat- 
ing level.- * 

Unit Ventilators. . 

* ■ 

1. A unit ventilator, as the name implies, is a unit ized' heating and ven- 
tilating system, it contains a fan, fan notor, heating and/or cooling 
9 coil, filter, outsi-de air danper, return air damper, and.control dev- 
ices all within pne housing. Each component oust be serviced as oqt- 
lined herein and kept in good, efficient wording order. i\ 

Piping^Syst'eo. ■ „ — 

1. Most systems are essentially closed. There should be no need to, 
introduce^ significant^ amounts of makeup water. If your system uses* 
significant quantities'of makeup water, leaks or inoperative steam 
traps are indicated. In leaking steam systems, which have properly 
operating steam traps,, the condensate return piping is usually the 
source of the problem. Leaks must be found and repaired. 
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Part IV: 

ENERGY CO!iS£RVAT10N*OP^^UllITIES USUALLY HAVING- GOOD PAYBACK POTENTIAL 
f - (depend lng\on energy costs at your'location) 

(This list^ does not J.ncla^ every conceivable cost effective ECO and Is 
intended K as a guide only.) 

A. Reduce Outside Air (Reduce- Mln inun Outside Air) * ' 

4. .Except for air conditioned schools with economizer controls which are 
operating on bhe cooling node, ventilation air should be provided only 
during those hours of full occupancy of the school or a particular 

area of the school. ' * * 

^ * -» • 

2. The minimum ventilation rate should not be In excess of that required 
by the stat'e, or local ventilation code* Normally these codes require 
5 cfm outside air per occupant. Research Indicates that this is a 
conservative requirement and efforts are being Bade 'to justify the 
changing of basic code requirements to lower levels than £ cftn. » 

3. In a uaJJtW^nti lator equipped classroom, precise control of actual 
minimum air quantity is fextremely difficult. Actual minimum outside 
air id a function of damper position, relative pressure between inside 

i and ^outside, .wind direction and velocity, and cleanliness of filters., x 

• Usually a "Just* cracked open" plnlmum outside air damper position will 
provide adequate ventilation* 

A. In extremely cold climates, a low minimum ventilation rate combined # 
with high classroom occupancy may cause* water condensation or ice to 
form on classroori windows and window frames. Correcting the cause of 
this condensation Tlow inside surface temperature) b'y covering windows 
with plastic sheets, installing storm windows, etc., should be the 
first consideration. Corrective actions of this sort will also con- 
serve energy and cost justification should be on the basis of / both" 
measures (reducing 'outside air and improving the "U fl value of the, ori- 
ginal, window area) being considered together as one retrofit. ; 

5* Exhaust faiis, or gravity exhaust vents, should be allowed td operate 
only when actually needed,* General toilet exhaust fans should func- 
tion only during the full ^occupancy portion of the school day. Spe- >w/ , 
c,ial purpose exhaust operation should be limited to actual need. The 
/ capacity of all exhaust fans should be reduced to the lowest possible 
^ code requirement. Air expelled from a'bulldlyg will be replaced by 
outside air 'entering the building by some routfeV 

' 4 ' ' ' 

6* , All outside o*lr and exhaust dappers must t>e able to close tightly. 
(See OrftPERS AND DAMPER tfFERJpriONS , MAINTENANCE, section I.) All such 
*\ [ v .units not having dampers should be provided with tight closing 
dampers* 

/ . 
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<± B. Wfrfhc SecBack, (reducing unoccupied t^^ratureB of heating &yscen*») . 
[ 1 4 1 * * 

^ ^ * S& I >P cl,e v ^ncll^tion *aysten (air supply fans and exhaust Tans) for nil 
tin**' except .hours o^ expected full building (or zone) pcCupanty, 
Where ^eattiatton function^are perfomed by> systcns Which also supply 
/ •> the heating functions (such & unit ventilators) %he f vent i Lation^ 
-function should discontinued during unoccupied period?/ The fans, 
" nay^btj h required to provide thT^pnoccupied tfeating. function . 
" • * * *. 

• I, Mjjhc* ^uhc?ccupied P cycle) tenpcratures withLn the structure should be 
^ allowed to fail to appropriately - 55°F (or lower). AIL primary 
apparatus such as.boiiets (furnaces) should^be shut down -<%ing ' the 
night (unoccupied) cycle until the tenpera'tare in the coldest raon ^in 
Hhe kuildlng fails to approx inate ly $0°F. WJien the building's inte- 
' "^rioft <-tenper*ature (cold rpon) fails below 50°F,- the prfnasy apparatus 
^« (boilers arj) circulating ppnps or furnaces) should be restarted. As a - 

- prefautfoh Against freezing of svstera components, the circulating fi 

i \ • P^P 3 ln a ho < vater heating systen should operate wheneuer^ the true 

J- < outside air tenperature isrbeiow 32°F even though boiler />per>ttion a ? y 

• . ' f - noc b ^equi^ed. Uhen n^ht cycling (Internlttent operat ion A % comBi- 

nation heating and ventilation devices, such as, Jnit vertt il atork on a " 
^eating only node) is enpioye^, care oust be exercised/jto insure \that 
the fans within these heating devices are npt permitted to operate ' 
when n* he*t is available (hot ,watec circulating punps shut down or no * 
usable heat, 'in*the boiler). On larger fan systems check belt drive^ 
% „ to^insure adequate Rapacity and adj-ustnent for cycling node, 

j£ ^ ■ 3 " partial ^building use a £ruq,uent«need**and*heating and v 

* 4 lit> ? ot the* areas li^ed is Inport^ant, the night setback* syst-en 

, - , * be zonea^to k p^rnit the heading and ventilation oj the night 4jsc 

<fff the, building' wh^le'leaving" the' balance of the'building on the 
(unoccupixd) 'ntjde**. • " 1 

The systen should be operated on the night mode (unoccupied cycle") fcr 
»„— ■ ' . ^ nt complete duration of school holidays and vacation periods. Since 

. \ '* sdoe *K ,e of Vrograo ttr^ sw\cch*is ordinarily "used td switch froo day 

to nl 8 ht nodes) ..or a norraal 3chool week, it is adviseable to provide a 
'i » -lanual switch to, facilitate" overriding the automatic Switch for vaca- 

" tion and holiday periods. . ' ' \ " 

■ ■ " ' ' * ' * > 0 . 

The tine period for norning warmup system operation should be kept fcs 
short as possible to pro'vide a minimum level of comfort at the start 
« ,ST the school day. Ideally,- the introduction of outside air and 

^* exhaust fan operation should be prohibited until the start of the A 

actual school day* 

«- * ' ' 

. ' * 6 * Switching to the "night" cycle should occur at the end of the actual 

lull occupancy school day. 'Continuing to maintain daytine tenpera-. > 
t;uces (pveh with the ventilation systen r inoperat ive) i n * the entire \ 

.SCBOOl buildillB after the <*nd r>f rh« ni-,r mfl ! o/.K/»1 -v- 





* 

5. 



^scbooI building after the end of the nornal school day for the comfoA 
-of only few occupants U 'not normally justifiable. (See. exception 
fh^p^ler Of/eration Optimization Panel" in Part VI of Supplement A.)' 



* 
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Improve Boiler (Furnace) Efficiency. 

t. Major fuel-to-heat c<\nver:>ion devices (boiler /burnerb, 
furnace/burners^ properly diLigned, installed an maintained -bhuuld be 
capable of combustion efficiencies of 80% or higher. If. your equip- 
nent is properly contained ano\ adjusted and is incapable ©f operation 
at efficiencies near this level^, expert advice is needed, Cost- 
effective solutions nay be one <*r more of the fjtlowing: 

a) >io d i f x flue and/or draft control. ^ 

* ' \ 

b) Modify conbustlon chanber. w > 

. \ 

c) - Modify or replace burners and, controls. 

d) Replace boilers and burners, , 

2* Overall, operating efficiency is a function of full fire combustion 
effi^ibnc/ but is also dependent upon other factors. Overall effi- 
ciency can also be improved by: > , 

• .3 - ■ 

• a) Modulating control of firin^ rate with control of air/fuel ratio 
over the entire operating range, f~ 

b) Reducing the operating temperature of the water (air), leaving the 
holler fturnace) when possible, Maxinun heating medium tempera- 

^ ture is require* only at ^ininum outdoor ,air temperatures. Out-^ 
door reset controls are normally employed to reset heating mediurv 
ternperatfcH^, Resetting bo4*ler operating temperature downward .as 
the -outside air temperature increases ✓is advisably even on systems 
/employing nixing valves for heating hot/water reset- Boilers 
should never be operated at higber'-t^an required tenp'erat uires . 
Caution: boilers may be damaged by firing at too low a water tem- 
perature, 'Consult the manuf ac ture or Qinimum acceptable operat- 
ing te%p* 'ature (normally 130 j*o 14&°F) , 

c) Stop boilers (and pumps) when, their operation is not^ required. 
* Usuall> neat output from boilers (furnaces) will* not be required 

for. classrooms at outdoor air temperatures ^bove 45 ° F on the {lay 
(occupied) cycle after morning warmup has been accomplished. 
Using a boiler only when actually required and" 'utilizing all 
^ usable L at produced during^ tnose periods of operation will save 
major amounts of energy. 



d) tfhere multiple boilers are installed, operate the minimum number 
of , units required to meet the heating load. Standby boilers 
should b'e shut off and valved off* f ' , 

er Room Thermostat Settings (Heating systems only), 

1« >Degree a£,ooraf Q£fc_eannot be equaled only tu spa<!e dry bulb temperature 
( temper at ute indicated, on a thermometer)'. Space relative humiditv 
affects confort. Air movement (drafts) and mean r'adianu temperature 
h^ive a prot >und affect on occupant comfort. The natinal emergency 



s 



8 uide ^j^ of 65 °F can be extremely uncomfortable in a drafty class- 
. room of\during cold weather, in a classroom which has a large percen- 
tage of- gS^ss in its non sun exposed exterior wall. A 65°F roan ten- 
perature fiaV be quite comfortable on any sunny day* in a rooti with no 
^ _ drafts and -with sun exposed windows. ■ - , 

2. Adherence to the emergency 65°F guideline may create an amount of 
discomfort in some classrooms. However \ some discomfort and occupant 
conditioning to this discomfort is necessary in order co use our lim- 
ited energy prudently- Classroom* temperatures in the mid to upper 
- 70 s {degrees F*) 4 when the system is on a heating cycle, are unreason- 
ably wasteful . 

E. Shut Off Domestic Hot Water Heating Durifig Unoccupied Periods (Hot Water 
To Washrooms) . 

1. Operation of the domestic water heater cai/be^d into the night set- 
back system. -The heater and recirculation pumps should stop during 
unoccupied periods. 

2. A manually set bypass timer can be provided to bypass the" shutdown 
feature to provide hot water for a limited time during unoccupied 
hours. - 

F. Reduce Temperature of Domestic Hot Water. 

1. Water temperature should be no higher than 110-120° F during occupied 
P eriodfe ' For Dan y schools, with only handwashing facilities, the tem- 
perature can be even lower. 

■ * * 

2. Do not use heating boiler to heat domestic hot water. Provide 
separate domestic hot water heater. 

C. Replace Incandescent Lighting. - 

1. Hew jpcrgy-conserving fluorescent or high pressure sodium lamps give 
much taore light for a given anount of power input than incandescent 
lamps- It ha* been claitaed that energy saving fluorescent lamps nay 

-,not be more efficient than atandard fluorescent lamps in two lamp 
^ luainaires. (Check with your illunination consultant.)* 

2. Users report very satisfactory experience with high pressure sodium 
lighting (HPS) in schools. Not only does HPS lighting save energy, 
Hut, it also reduces maintenance costs substantially. . When using HPS 
lighting it # may be advisable to use it throughout the facility to 
minimize the "color" probl-ea. Earthtone colors are reported co work 

v-' 8t ll8htln8 * C 010 " should be selected under HPS lighting. 

3. insider lowering the heiU of\iny new fixtures. This will give'nore 
visibility at desk level with le&s power input- 

I 

* 4. Remove unneeded fJxtures or lanpsi . , 



9 

ERIC 



•5.7 



-41- 



H. Partially Del* cap Existing Fluorescent Light Fixtures and Install New 
Polarizing Lenses In Fixtures." 

t» This decision should be made with the advice of an Illumination con* 

sultant. ? > „ f 



2. Polarized lenses may be able t^o provide adequate visibility' in a par- 
tial 



ly dela&ped lighting system. 

> 

* * 

3* Del -op lag saves energy' 
I. Turn Off Lighting Vh^n^ Dayl ight Provides Adequate Illunination 

■ mi I 

J. R$We or Elininace Evening Cleaning of Buildings 



> 



1* Schedul e*tleaning activities to daylight hours or when lights are on 
for other reasons. > * y 

\ - 
K. Install Water Flow Restrictors and/or Water Conserving Shower Heads. 

1* Flow restrictors on hot water supplies to faucets and shower heads 
help, eliminate waste. Water-conserving shower heads also reduce hot 4 
water requirements. 

L. Keep Classrooa Doors and Windows Closed During Occupancy. 

I. Op^n doors can cause roon theroostats to sense a temperature that is 
not representative, of the space. 

/ - 

2* Open doors and windows can upspt an automatic heating &nd ventilation-'"^ 
system. When no autoaaLtcaJL ly controlled ventilation sjr^tecr*exist 
windows can be^opened for desired ventilation when the heating syst^n 

* has beeri turned off . * • 
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Pare V: -S 

ENERGY CONSERVATION OPPORTUNITIES WHICH MAY PROVIDE ' 
ADEQUATE PAYBACK POTENTIAL* 

• * ' ^ — {List not intended to be all inclusive?). 

A. Replace standard fluorescent lighting fixtures and ballasts with energy 
conserving high pressure sodium or fluorescent lighting fixtures and bal- 
lasts. . ° 

1. See cautions in Section IV, G, 2. 

2. Replacenent of fixtures can be combined with lowering the light fix- 
tures to obtain more visibility at desk level with less power input. 

3. "Energy Saving" fluorescent lighting nay not be nore efficient ttjan 
standard fluorescent lighting in two laap luminaries. 

4. Consultation with an illumination specialist ia advised) 

B. Install Light Switching to Facilitate Shutting Off Unneeded. 'Lights . 

1. In nany classrooms, the exterior bank of lighting 1* unneeded much of 
the tine. » 

2. If switching is to produce any, energy savings, someone oust use the 
switch. ' 

d Use of Security Lighting* 
t * 

1. Contrary to normal beliefs, at least one school di^rict has found 
that vandalism decreases when schools are left totally dark/ 

P* * Add Insulation to Roof* 

1. If roof is due for replacenent , and has a low "R" value, adding suffi- 
cient insulation to accomplish Approximate ly r^20 aay be cost effec- 
tive* * * , 

2. Placemen? of insulation' is ah important consideration. Increasing the 
R value tfy using insulation on the roof deck under tlfre roofing usually 
presents no nroblen. When the structure has a suspended ceiling, 

I * dd *n8 insufation immediately above this suspended ceiling can causa 
condensation problems on the. underaideof the roof dffek. 

- ♦ 



*, ^J nC f ni0 Inde P enden <* f^>ol District. Nevs>^ory on page 52, June 
7, 1978, San Francisco Examiner. 
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3. It shouW be renenbered chat even , during fairly cold weather nost 
classroooa will have nore heat Supplied to then by lights and occu- 
pants than i<* lost through the structure and ^through mininun ventila- 
tion Air, This fact, as w*ll as the consideration that unoccupied 
temperatures should be approximately 55°F t and that insulation and its 
installation are expensive, requires cartful study to determine the 
cost-effectiveness of this ECO* , 

E. Reduce Window Area of Classrooms or Double Cla£e Windows, etc. 

f . 

1- Refer to D. 3- aboye. 

2. Other considerations such as vandalism loss of daylight-, and elinina- 
tion^of condensation can affect the decision on this ECO. 

F. Insulate Steao, Hot Water, or Condensate Pipes or Ducts. 

1- !tost pipes, except possibly condensate pipes, will probably already be 
insulated. Access to yie uninsulated pipe is a big factor in deter- 
^ raining the cost, and, thus cost ef f eccjven^ss Jof this ECO. - 

G* deactivate Auxiliary Heating Devices When No^iJerfed . 

1. One system coeiionly used-in conjunction .with unit' ventilators i§ an 
^nder window, £d raft kill ingj^ liaited Rapacity. fig-tube.. radi4t ion 
section. Mapy of these systems continue to add heat to the r6oo even 
when it is not require^ tp maintain the general atnblent temperature. 
As a conservation oeasuje,, &hen - the under window radiation has 
independent control valves,, these ' values can be arranged to close con- 
pletely during the occupied cycldf whenever the outdoor temperature is 
above 35°F. 

H. Reduce Infiltration. 

Integrity of the building envelope is an obvious need* Restoring or 
maintaining this integrity cay involve: 

a) Weather stripping windaws and any Exterior classroom doors'. 

* 

b) Repl-acing windows with better sealing units. 

c) , Installing vestibules at main entrances. 
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RETROFITTING A "TYPICAL" SCHOOL* 



6 

■The decision on how to 'retrofit must be based upon the cosC of the retro- 
fit and its energy saving potential. De-terpining the cost of retrofits 
presents no major problem. Once a decisionals been made to investigate a 
particular retrofit, cost estimates can be obtained fr'ota contractors or 
material suppliers. The real problems are in the estimating of amounts of 
energy that can be saved by proper implementation of the retrofit involved and 
-in getting cost effective retrofits properly implemented. Of all possible 
retrofits, those dealing with reducing the amount of heating fuel used are 
probably the most difficult to analyze. This section of this supplement 
offers guidance for energy conservation retrofit decision making by providing 
a method of estimating "ball park" heating fuel saving percentages that can be 
achieved by implementing some comon retrpfits to a "typical" elementary 
school s mechanical system, applying these percentages .to similar schools and 
determining the cost effectiveness of some retrofits. One scheme for possible 
optimization of boiler operation will also be presented as a very energy effi- 
cient and cost effective retrofit for our typicaj. school and for schools with 
similar heating and ventilation systems. ' 

A. DescripCSSft o£ the. "Typicdr" School. " ' - " c " * 

The "typiqal" school *is a single story 20 classroom elementary school with 
library, multi-purpose room, teacherb lounge, office area and washroom areas. 
It is 40,000 square feet in size, tjas a roof U value of 0. 15 (R - 6.67), an 
outside wall 1) value of 0.34 {R ■ 2.94), has 220 ft«^ of window area per 
classroom and operates 178 days out of a 278 day calendar period beginning 
immediately after Labor Day. The building has infrequent "after hours" use 
and such use is confined t0 the multi-purpose room". 

This "typical" school is heated and ventilated only (no air conditioning) 
and employs a single hot water boiler with operating temperature automatically 
adjusted from outside temperature from 210°F hot water temperature at minimum 
outside temperature to 130 °F boiler water temperature at 60 °F outside air 
temperature. The boiler is operated from .late September until early May. 
Boile*. combustion efficiency is 80Z. Each classroom, and the library, has-a 
unit ventilator operating on an ASHRAE Cycle' II control cycle for occupied 
periods and cycles interm.i*ten tly, without outside air, to maintain the unoc- 
cupied space condition. The multi-purpose room is served by a heating and 
ventilating unit controlled in'the same manner as t;he unit ventilator. All 
other spaces are 'heated by convenors or cohvertors with fans (forced flow 
co%vectors). The washrooms have powered exhaust fans which operate whehever 
the unit ventilators are on their "occupied" -cycle of operation. Domestic hot 
water (water for washrooms, etc.) is heated by a separate water heater. 

«-4«T h f b " ild ] n 8 J» in good repair and the mechanical system is adequately 
maintained and adjusted and is operating efficiently. 
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&» Heating Fuel Use Factor* 

To provide a nethod to "ball park" the energy saving potential of various 
^retrofits "heating fu # el use factors" (HFIF) have been developed as a basis of 
Lonparlson^ Table S-l Hits 11 operating conditions for the, system Installed 
in our "typical" school. For each of these 11 operating conditions, two heat- 
ing fuel us'e, factors aCe given. One factor is provided for a "fairly olid" 
Cllnate having a +5 ° F design temperature ar.d 5300 degree days during a "nor- 
nal" school heating season. A second "severe 11 cllnate (*ii° r F design tenpera- 
ture* and 7600 degree days in a nornal season) heating fuel use factor Is also 
given for each of the 11 systen operating Conditlns. The accuracy of these 
factors when used to predict potential fuel^ saving lor other schools Is 
greatly dependent upon how they are applied* These factors assune good effi- 
cient operation of systems before and after retrofit and also assune that any 
and all retrofits will be effectively lnplenented . 

i 

* « 

To use these factors, first pick the cllnate. that nost nearly approximates 
that of your area. Next pick the condition that describes how your systen is 
presently operated. Select the fuel use factor that applies. This ^is your 
base. To figure an approximate percentage of fuel, to be saved by retrofitting 
to accomplish other operating conditions, select tne fuel use factor for* any 
operating condition listed in Table S-i which has a higher condition nunber 
than that of your existing systen operation. Use factors fron the clinpte 
colunn which is nost slnllar'to your cllnate* The approximate percentage of 
fuel saved by retrofitting is HFUF coexisting systen nun us HFUF of retrofit- 
ted systep divided by HFUF of existing system. For example, If your ^present 
systen Is a condition 3 systen and you want to know approximately how aach yCu 
can save by jre trof lting to a condition 8 .system, select the HFUF's for condi- 
tions 3 and 8 fron the colunns for ciinattfs closest to yours. (If you live in 
a 7000 degree day cllnate with -10° F design 4 tecape ratute , you would use the 
values f too the 7600 DD colunns. ) The approximate percentage saved wlll^be 

395 3 ;^ 3 * .132 or 13.2 

This percentage Is applied to youc-^Ms tor ical energy consumption at your 
school, normalized on a degree day basis. 

Establishing the historical heating fuel use for your school building can 
be done wich , the three nost recent yea*rs of actual heating fuel usage (not 
necessarily the sane* as fuel purchased) records. Next you need the heating 
degree ddys of a "nornal" year and Tor the three recent years for which you 
have actual heating fuel use data. Degree day infornatlon for your location 
is available fron your local utility conpany or weather bureau. Make sure the 
sane calendar tine period Is used for both fuel use and for degree days* 
"Nomallze" each of. the three years fuel use by multiplying the actual fuel 
use tints the nornal degree days for that tine period and divide by the actual 
degree days for the sane tine period of fuel" use data. This gives a "nornal- 
lzed" fuel useage. 'After performing this calculation for all three years, add 
the three nornallzed fuel usage figures and divide by three. This gives a 
historical nornalUed fuel use figure. It Is to this figure that the approxl- 
nate percentage s-wlnps Is applied. 
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TABLE S-l 



Seating fuel use factors 



Condition 1 - No Unoccupied cycle 
temperature setback high ventilation 
rate - long occupier! cycle 

a) Unit vents and ventilation 
tlnits operate on a 33 1/3 % 
minimum outside air* occupied 
eye 1 e • 

b) Unit vents and ventilating^ 
units operate without Outside 
air on the unoccupied fycle 

c) Room temperatures maintained 
at 7(TF at all tir^s. 

d) Occupied cycle of 41 hours per 1 
school day. 

e) Exhaust fans operate on 
occupied cycle only. 

Condition 2 - Same as condition "1 

except that the occupied cycle is reduced 

to 7 hours per school day. 

Condition 3 - Same as condition 1 except 
that unoccupied cycle room temperatures 
are set back zo 60T. 

Condition 4 - Same as condition 3 except 
that the occupied cycle is reduced to 
7 hours per school day 
* 

Condition 5 - Same as condition 1 except 
that the occuoied ventilation rate is 
reduced to 5 cfm outside air per room 
occupant and exhaust systems are re- 
balanced to minimum code requirements. 

Condition 6 - Same as condition 5 Except 
that the occupied cycle is reduced to 7 
hours per school day , ^ 

Condition 7 - Same as condition. 5 exefept 
that the unoccupied room temperatures are 
lowered to 60°F j 

Condition 8 - Same as" condition 6 except 
that the unoccupied ^oom temperatures 
are l^oWer^d to 



+5° design 
5300 deg. days 



-1TF design , 
7600 deg. days 



376 



457 



360 



320 



301 



436 



395 



" 370 



■ 338 



335 



287 



280 



406 



403 



35) 



343 



.47- 
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Condition 9 - Same as condition 8 except 

that roof insulation, has been* added to 213 ' 309 

increase R from 6.67* to 20. (reduce U from 
0.15 t6 0.05) 

* * 

* ^ 
Condition 10 - Condition 8 with the 

addition of a "boiler optimization pajnel" 
to allow boiler to operate only when its- 
output is required by the building, to 182 . 255 
* utilize more- of the heat generated by the 
boiler, to permit ventilation to occur only ^ - 
during full occupancy of building or zone, 
etc. 

i 

Condition 11 - Condition 10 with the 1 roof 
insulation of Condition 9 added 161 255 



All of the above factors assume that the full fire conbusion efficiency 
of * the boiler is 80% before and a^ter system changes (retrofits) are made and 
that any and all system retrofits, will be properly installed, adjusted aod/or 
cal ibrated. 



-48- 



ERJC - . °*s \. 



I<3^ purgobt-b of Illustration, dHsuru* your normal 7000 *degrt*<> day climate 
hurl JuljrtvUune dvj;ree day flguri'H of 6300 fur 197*^79, 7600 fur 197 7-78 ,m*i 
6900 for' 1 976-77 gating season*. Yuur actual fuel use "(July to June), una 
• 33 ,00b , 36,000, and 34000 therns for the sone ye.irs. Kornallzed fuel consunp- 
tloa would be- _ L , t 

33,000 x i222 or 36>667 1978 . 79 * , 

36',.000 x -Zggg or 33( 158 ■ 1 977-73 - 

34, 000 x or 34,493 197^-77 

51>?667 n g r 93!h§ d + 3gH|j oriCal energy use , for -your ' school is 

*3 — ^ or 34, 77 3 therns. (When three year data xs unavai 1- 

able a one year notNjytlized ejeisting'energy consumption will need to* be used- 
Obviousl>vthis wilr tend to a less accurate prediction than a historical fig- 
ure based tfn three year£.) Your retrofit fron a* condition 3 systen to a condi- 
tion 8 systen . will save yipp>oxinate ly 13. IX of the historical nornalized 
. energy consumption or 4590 therns during a 11 noma 1 11 year. * 

C. Chy boiler optinizacion* 

J 

Before explaining the advantages and features of "Boiler Optinization" it 
is well to point out that there are vide differences of opinion on how boilers 
should be operated. One school of thought is chat boilers should be fixed at 
the s/steni raxiniun design tenperature whenever heat is needed. In this 
^ instance, any lowering of th* temperature of water supplied to the" heating 
systen shoulJ he accomplished by blending the hot boiler- water with w^ter 
returned fron tic systen. Anotfler school of thought frowns on this method of 
operation because o£ possible "thern al ^ ock" to the boiler when water is 
requrned at a tenperature too ctuch lower than the tenperature'being maintained 
in trie boiler. 

StiU another ^hool of thought advocates resetting the it enperature main- 
tained Xythe boiler to naore noarly natch load requirements but to tempera- 
ture no loWr than 160°F (others eecocnead UQ°F and 130°F as ninimuns). The 
reason for lmiting the nininun operating temperature is that wh'en a dewpoinc 
tenperature occurs on any exposed boiler surface, acids can form which attack 
that^ surface. It is interesting to note that the ASHRAC 1975 Equipment Hanii- 
. book recomends firing an idle boiler to oaintain the boiler water at about 
10O°F v to keep the boiler warn (and the boiler roon dry) stating that the fuel 
consuned by so doing is a snail cost to p^y f 0 r protection from boiler 
deterioration. . ^ ; 

\ Still another school of thought cautions against operating boilers 
equipped with modulating burners at reduced tempera tures' but see less danger 
in doing 4 so when boilers are equipped with on-off ctfn.trol burners. 
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Many well naintained, steel, fire*\ube bailers have been operated In a 
manner approximating chat accomplished by the following description for many 
years without adverse effect*. In the continuing Interest in energy conserva- 
tion methods the Energy Efficient Buildings Program at Lawrence Berkeley 
Laboratory wil be interested in receiving information regarding any problems 
that nay be encountered when using "Boiler Optimization." 

The heating system for any building is sized for the maximumheiting load. 
Most of the, time the a &t u;£l load. is only a fraction of naximum ;fnd much of the 

Time the actual net load is zero. For example, an area with a design tempera- 
ture of -11° F (design tenperature is the basis for sizing a heating s^sten)' 
nay have an average heating season tenpesature in excess of 37° F. Boilers, ' 

, even In severe clmates, need to operate at full capacity only a small part .of 
a heating season. 

Class roons in schools receive heat f ron the classroom lighting* and .notor- 
ized equipneiK and from the roon occupants. When yentilated at normal riininum 
code requirements (5 c f m outside air per occupant) classrooms frequently do 
not need heat u after warmup, at outside air temperatures above approximately 
35 tfo 40 ° F, and almost none need heat above <*5° F after any required initial 
warnup is complete. When heating systens are reset to lower unoccupied cycle 
temperatures ther* is a Substantial period of tine when no heat is required. 
This tine period can be the entire unoccupied period for most of the school 
year. When a boiler is allowed to maintain hot 1 water during those tines when 
there Is no demand for hot "water , energy is wasted. When a boiler operates .at 
partial load {periodic firing) its overall efficiency drops. Oversized 
boilers are less efficient than those properly sfzed. Systems which employ a 
single boiler oust have that boiler- sized for 100% of 'the maximum load and 
consequently it must be operated in an oversized condition-at most times. 
Energy conrservat ion measures which reduce the load on the boiler' have the 
effect of making it even more oversized and thus reduce its. overall operating 
efficiency even further unless its operation is optimized. 

Boiler operation optimization means allowing the boiler to operate .only 
.when Its heat output is needed or expected to be needed in a reasonably short 
period of time. Figure S-}_ illustrates a boiler operation optimization panel 
for the heating system in our "typical" school. The panel has been designed 
tor a single boiler heating system having an unocpupled period setback control 
system employing the unit ventilators as unit heaters {no outside air) during 
the unoccupied period . The features of this panel are: 

A single 7 day program tine clock establishes a program for the nor- 
mal week {a 7 day cycle). Ifts to be set t to provide- n ininum tfarnup 
periods and to set Che systen to the unoccupied mode at the end of 
the full occupancy part of the school day. This Is the only device 
which requires resetting after power failure or when time base 
changes. • 

> • * 

A single "holiday" override switch keeps the entire system on the 
unoccupied cycle for the duration of a holiday period. \ 

V ' — t 

An idjustahie u < n U- repeating" cirer is to be adjusted to provide 
b>i .«r -j,., f , r rjinfnur- p-i-,et "warnup" tine peruofi wm-o out- 

>isi- t.r u.tp.i^mtvs are above a preset temperature wpprox.'nat e 1 y 
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FIGURE S-l 



BOILER OPERATION OPTIMIZATION PA*NEL FOR 
TYPICAL" SCHOOL WITH PNEUMATIC OAY NIGHT CONTROLS* 
(Two timpvttun ihtrmottttf - mitrmiutflt "n^t" cycling 
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1 • IjL'J fs 4 7 *day program time switch with 2 normally open (close 
for occupied cycle) contacts /nd 2 normally closed contacts. Set to close 
normally open contacts approximately 1 1/2 hours before classes start and 
open the normally open contacts, when the class day is over. This is the 
only device that ne^ resetting after a power failure or when the time 

base changes. * >■ 

2 1 Cf *IrJ_ 's a cycle repeating timer. Set to open its contact (CRT-1-1) 
for approximately 1 1/2 hours after power is applied, to CRT-1 . (This time 
period should be adjusted to suit the warrcup period of TS-1-) 

3 CRT-^. ps a cycle repeating timer. Set to cl<Jsr"ks contact (fcPT-2-1) 
for approximately 1 1/2 hours after power^is applied to CRT-2. This time 
period can be shortened for better insulated buildings than our typical^ schQol 
or for schools which have less classroom window area. * 

a 

4 MT-1 is an interval tjmer. It will close its contact (MT-1) for the 
acrount of. time set on its dial then open. Its purpose is to provide a timed 
period for "after hours' use of the multi-purpose room, 

5 MS-i is a manual "holiday ove?ride" 'switch*. Closing this switch 
allows TS 1 'to control the occupied-unoccupied switching of the system. 
Opening fh-J keeps the system on the unoccupied cycle for holidays and 
vacation periods.- • - 



6 MS*2 is a manual switch Closing allows the mul ti-purpbse room 
heating and ventilating unit to ventilate durfng "after hours" use. This 
switch rfould normally be.clusjed only when large crowds are present or rn warnr * 
weather 

• * 

7 ^J^J^'iL^.^Hl^^JO interconnect this panel to the pneumatic 
control sys^ten for the biA'IdTng. Terminals 1, 2, 7 and 8 provide signals for ' 
the classrooms and 1. 4, 5 and 6 provide operating signals for the nftiJti- 
purpose room Terminals 9 and 10 are common to both systems- 

? L?IPJJ[l a l s ? j_A_ n _ d _.W * provide a closed^ontact for heating heft Circu- 
lating punp operation. Relay fi-2 can be procured -wi th additional contacts for * 
additional circulating pumps. The relay contacts may be able to be ordered to 
hardle Kb* full current .of th£ circulating pump motors or, in the case of larger 
pump motors, can be used to pull in rragnetic motor starters. 

9 Termirals 1 3 and 14 are wired in series with the boiler operating 
controls tfriay R-i" can be provided with additional contacts to acedfrmodate 
a second boiler but additional devices nu^t be provided so that any stand-by, 
bm^erfulf i 1 Is only a standby function The stand by boiler is not to be 
allowed tn operate when its capacity is not required by, the system. When*a 
boiler Is m *he "stand by" condition it should be valv<?d ftff (preferably 
♦automatically) so t^t no water circulates through it. 

. * - -50. b- . * 



|0. Tenrn na 1 s 15 and j 6 - are* connected to a thermostat sensing true 
outside teiTipprature. ItVhould ba set to clo^se its contact at^atTout 44 F 
(open at 46"F) In. buildings with better? inSutation or less window area 
than Our typical school, these settings sfioufd b? lowered until discomfort 
oc<fi>rs on those days with outside air telnpera tures si iQht) y above the 
thermostat wttina, ^ v 0 

f ^ \ * - ' *\ • 

4j f 1 . Te rtrn na 1 _M 7 a nd 18 a reconnected to a thermostat located* lr/the 
"coldest" room [cla's^robm or mult'i -purpose room) This thermostat win 
close its contact below 50'F and open its contact above'52°F 

* * , 

L^JLD 8 ^^ 9 . and 20 are connected to a thermostat sensingMrue 
outside air tempera ture7"fhi\ thermosta't is adjusted to close its cWact 
below 32 F and open at 33 F 

o 

13 p emina l^2l_an<^ 22 are connected* to a thermostat sensinq the water 

temperature at the -outlet, of^he boiler. It 'is adjusted to close its contacts 
at 105 F (open at 100'F). . . - * , 

* 14 L er !^. n iJ. s _23,ini,24 are connected to a tfiermustat in the coldest 
room (classroom or irul ti -purpose room). It is adjosted to close its cofUact 
at 67'F (open at 68 'fl > 

• - h 

15 \er^inajs_25 and 26 are connected to a thermostat sensing true 
outsftte ajr. temper^re"" ""This thermostat Is adjusted to close its contact at 
r 59°F Cppen at 61 *# - ; ' ' 

^ L e I?JJl a J s 2?_ ar l d 2§ ma y be connected to a thermostat sensinq boiler 
room temperature ThTTthermos tat would close its contact at ^5 n F (open at 
60°F) (This feature-js used only irr^very severe climates where the combustion 
air intakes .to the boilev room are not equipped* wi th automatic dampers, its- 
purpose* is to prevent the possible freezing erf exposed domestic water linesV 
ett , during periods of boiler shutdown in severely cold we#th£r Insider 
climates, or when boiler room combustion air intakes have automatic dampers, J 
'these terminals ,are not used.) « \ ^ 

17 ' IS32lrfjLlf JLPiLiP are connected to a thermostat sensing boiler 
water temperature (tin s can be the existing "operating aquastat" on most 
boilers if it is totally disconnected from its existing wirif^g and connected 
to # terminal^ 29 and 30 The wires originally connected to the operating 
aquastat should be spliced together Jeavmq the outside reset control and the 

^high limit aquastat in control of the burner)* The temperature settimi for the 
thermostat attached to 29 and 30 should be' closfe contact at 140"F (opefujt 

18 Relays R-) has 3,. or more, normally open contacts.. R-2 has l f or 
ma*r; riormally op^n contact R-3 ha*s 2 normally open. 3 "normally closed 
contacts R-4 ha* 3 normally open contacts. R-5 has 1 normally open, K 
normally closed, contact. R-6'has 2 v norma!ly opfen, 1 normally cl^ed contact. 
R.-7 has 3 normally open Contacts, fcr8 has 2 normally opfcn contacts 



20. General - This 'depiction of a "Boiler Ooeration Optimization Control' 
Panel'* and that of the "probable" pneumatic control system are diagrammatic 
and are, presented to explain a concept. There are ra'any schapls with systems 
that have-control systems essentially identical to our "probable" system which 
can use our "optimization" panel with little or no tailoring. 

, Tie boiler panel has been shown'as totally line voltaoe (115 Volt) to 
illustrate, function.' Except for relay contacts for boiler'and pumps, it cartv 
also be totally low voltage @4v)provided panel and field devices are properly 
ordered for that service. Combinations of the two (line vo-ltage - low "Voltage) 
are possible with the use of transformers and transformer relays. Again care 
must be exercised to insure that panel an££ield devices -are compatible. 

x It, Impossible that the offices within a school may be uncomfortably 
cool when boiler optimization is accompl 1s hed. Reducing the he^t loss from 
these spaces by adding storm windows, etc , may eliminate the problem. When 
additional heat is required, small electric resistance heating. uni ts (1000 
to 1500 watts) can be used to provide comfort during occupied hours. Portable 
units can be used 'unless prohibited by local fire codes. In any "event these 
units, portable- or permanent, should^be disabled when the room lights are off 
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F) Imi b.-low .jjiproxlnatcly 60° P or vht-n .t kt-y "cold" r.»oi- !•> 
bolow 67° r. „, ' 

4. An adjustable "cycle repeating timer" .is to be adjusted to insure 

* that Ventilation is pernitted only during actual occupied hours'* 

5. Provision for boiler shutdown after a warnup cycle has been accom- 
plished oo the occupied cycle when outside air tenperature is above 
approximately 45° F. The heating'tfot water circulating punps con- 
tinue operat ion/'unti I the boiler wat er" tenpera ture is reduced to 100° 

6. Provision for boiler shutdown any'tine the syster^ is indexed fror 
^ occupied tenperature^ to unoccupied tenperatures unt^l the tempera- 
ture of th? "'coldest 11 room in the building drops to 50° F t at which 

< tine the bpiler is restarted and operates £p-mainta in an unoccupied 
cycle boiler water tenperatture of approxinate 1 yv4jO°F. 

7. If the water in ^he boiler is hot at the time" the system is indexed 
to unoccupied node, the th«fno&£ats in the 1 spaces remain at occupied 

^ teppt-tature, ventilation is discontinued and the hot water circulat- 

ing pumps continue to operate until the heat inj&e boiler is util- 
ized (boiler water temperature drops to 100° F) , at which tine the 
spactJ thernostats are reset to their unoccupied tenperature of 60° F. 
This provides a ninimal^ cost comfort period extension in cold 
weather* * 

A 

8. The fan n$t§rs of the unit ventilators and ventilating units are not 
pernitted to operate on the unoccupied cycle when there is no usable 

•heat available (boiler water tenperature below 100° F) * * ^ 

9* Hot water circulating punps operate whenever therp is usable heat in 
the boiler and anytine the outside air temperature is below 32° F as 
a -precaution against freezing pf coils. (Note that all other freeze 
protection safeguards such as tight closing dampers and air free 
heating hot water must always be employed.)* 

10- A single internal timer presets an "after hours'^ use tine for the 
multi-purpose roon. Tbis permits heating the nu 1 ti-purpose roop- dur*» 
. * ing unoccupied period^ When the outside air tenperature is Nbeiow 
about 45° F, the boiler is operated for a tine period equal to that 
of nornlng warmup # . ^ \ 

11. A manual "ventilation" switch for the multi-purpose room enable^ <y- 

* disables the ventilation cycle of the multi-purpose roon unit during 
the'"$fter hours" use. of that area as preset on the internal timer of. 
item 10 above. 

Figure S-2 illustrates how this panel ties in to a standard pneumatic con- 
trol system. It also includes the modlficatins which nust be nade to that 
system, ^Adaptations an'd nod if icat ions are necessary for applications to dif- 
ferent types of -systems.. Those figures are supplied to illustrate a concept. 
Systems with standby bohers, etc., will need to ado* standby provisions. The 
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PROBABLE EXISTING CONTROL SYSTEM*-- WITH BOILER 
OPTIMIZATION PANEL OPTION MODIFICATION ADDEO 

TYPICAL FOR EACH UNIT VENTILATOR— HEWING AND VENTILATING 
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stnndby botle£ shouJd be locked out of the operational cycle and Isolated f^on 
water circulation standpoint except when the need for standby operation 
exists. The standby provision >»hoilld accomodate switching the lead boiler.. 

P. How Do I Detemlno If a Retrofit Is Cost-Ef fee tive? 

First we mist define cost effective. This program initially, defined "cost 
effective" 'as recovering the investment, with Interest adju*tnent, within 12« 
years » assuming tha^energy costs escalate at a rate of 102/year. Energy 
Losts have certainly been increasing at least that amount. No one ^is certain 
what the future will bring, .but perhaps the^ original definition of cost effec- 
tive is still valid, if conservative, provided ,the interest adjustment is hX 
or greater . / 

1 X \ 

To state it more sinply, w e want to insure that we will save enough in 12 
years, assuoigg energy costs increase ICS each year, to note" than reimburse us 
for the aoney spent to retrofit. to accomplish that saving, assuTJJhg that ve" 
Lan borrow at 67. interest. If we make the assumption that we need to borrow 
the money one year, before heating fuel savings begin, each dollar we'll save 
in fuel is nultiplled by 18.531 to determine the total dollar value of all 
fuel saved in the 12 year periond. Likewise, each dollar borrowed now to 
accomplish the retrofit is multiplied by 2.012 (or 2.518 if your interest rare 
is 8%) to determine the total cost at the end eft 12 years. 

Another way tp use these factors is to determine what amount you can 
afford to spend to have a -break even point at the end of 12 years, given the 
amount you expect to save by implementing the retrofit. In our previous exam- 
ple we estimated that 4590 therms would be saved by retrofitting a given 
assumed system from condition 3 to condition >£. Assuming that this school 
uses natural gas and pays" $0. 30/therm for fuel, the estimated dollars saved 
the f-irst year are $1377 .00. For break even at the end of \\ years, given the 
parameters stated previously, we coul,d spe^nd as much as 

% $1377.00 x 18. 531 

7 2.012 

or $12,662. 50. To accoopllsh this reroflt wlU not require nearly that 
anount It can probably be done for under StfiOCT.OO provided th$ basic systen 
Is In good opeTaTing condition. Ttesjjatlng, in* this instance, It will probably 
cost less than' $1000 x 2 . 012 , or $2, 01 2 % to save an approxinate $1377 .0C x 
13.531 or $25,517.13 over a 12 year period. The change to condition 8 opera- 
tion Is definitely a good investaent for this school. 

Adding roof insulation ( Increasing! P. frora 6.67 to 20) to a condition^ 
svsc"exi oakes It a condition <U#sterfr If one were to retrofit a condition^* 
school to a condition 9, approximately « ' i$ 

' 395 - 309 „ 7tR 
— T395 ,218 . 

or 2l-83i of a "nornjal'; year's heating fuel can be saved. In dpllars, at 
$0.30/thero, this is 34,773 x .218 x .30 - $2274.15. Using- the sane defini- 
tion of "cost effective" as above, this savings would justify an expenditure 
. of . 

$2274.15 18.531 
' / 4 -2.012 „~ 
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or $20^49 -46. Since' about $1000.00 of chat amount would be used to bring the 
condition 3'systen into conpliance with condition 8 this leaves approxinatety 
$2O,OQ0.O0 for -the roof insulation It Is questionable that 40,000 ft. 2 of roof 
can be insulated fron R-6.67 to R-20 for that anount . I? should also be 
pointed out that less than half of the total savings here was brought about by 
the losulatlon idse If. 

The sane conditio^ 3 school can be retrofitted to a condition lOschool at 
an estimated cost of, under $7,500.00. Condition 10 incorporates all of the 
(eatures of condition 8 and adds a boiler optimization panel. This retrofit, 
in total, would save an estimated ■ ^ 

195 -.255 

395—" - 35 < 

or 35.42 of normal years fuel it properly lnpleoented . in dollars, for the 
school in these examples, this is 34, 7M x.354 x 0.30 - $3692.89.and justi- 
fies an investment of ' 

^ $39692.89 x 18.534- ^^ 
• 2.012 * . 

or $34,012.42 using the above definition of "cost effective." About 372 of the 
total savings produced by this retrofit were accomplished by the modifications 
to bring the system for<to the condition 8 level (a part of condition 10), but 
the> balaoce produced by boiler optimization, $2315-83, by itself justifies 
investment of $21,32^.90, almost .three times its est ^mated cost- 

Condition 11 adds roof insulation, to accomplish R-20, to all pf the 
features of condition 10 (reduced outside air; reduced hours of high tempera-^ 
ture, ve/tilating occupied cgnditlons; and boiler operation optimization), u 
assumes that all necessary adjustnents have been made to this panel to take 
advantage of the reduced heat loss fronj the building (shorter warnup hours, 
occupied period boiler bhutdovn at lower outside temperature, etc.)- If our 
condition 3 school is retrofitted properly tx> a condition 11 system, the 
approximate savings are * 

395 - 225 

395 _ , 

or .43* or 43X. This is $4585. 72/year and** Just i fies an investment of 
$43,314.52- If $7500.00 is spent on the ndn-insulat ion portion of the retro- a 
fits, $35,815 1st available to pay for the roof insulation, if re-roofing is 
icninent, this aoount nay. pay the cost of insulation. If so, the overall 
codification is '"cost effective," by our definition, even though the highest 
cost portion of the total oodification (insulation) does not, in this 
instance, qualify as cost-effective by itself. , 

C> How Do I Apply the "Heating J„el Use Factor" to Other School BuUo\ings? 



The factors can be appl^d, with soae degree of accuracy, to any s/nilarly 
constructed gingle story school (window areas, U values) of substantiWL*it£, 
which is headed and ventilated only (non-air conditioned) , -located in clioates 
of 4500 to 8000 degree days and which uses a central heating boiler — 8 tean 
or hot water. Judgment oust be us<ed when applying then to dissinilar struc- 
tures^ — ^.e., roof insulation would save a snaller percentage of energy *in a 
num-story school. • " > 



"It should be renenbered that, 'in all cases , .these factors are an approxi- 
nate neasure of heating fuel use t are presented, as interln guidelines only, 
to as>sist~In~energy conservation calculations* The accuracy of these factors 
depends upon pruper and complete iapletaentat ion of any or all retrofits tp a 
ey seen which is in good, efficient operating condition* 



hart Vll: 
§rECIFYIHG YOUR RETROFITS 

■ - X i 

A specification should include i complete and comprehensive description of 
all work to be performed for, and the performance expected from, each 
retrofit . Include^ 

1. Combustion efficiency required as "the result of any "improved" 
boiler/burger (or furnace) efficiency retrofit. 

a) Require that a test for certification of porapliance be performed 
in t,he presence of your authorized representat ive and that a for- 
mal report of the rebults af this 'test ' be provided^ior yoiir 
records. , *j 

m 

b) Require complete operation, maintenance and adjustment instruc- 
( tions and wiring diagrams. 

a 

2. Complete functional description of any control system change or 1 addi- 
tion, reconditioning or calibration. 

a) Require complete "as built" control diagrams for the entire con- 
trol system as codified and installed. Diagrams to include all 
sfctpoints for controllers, reset ranges for all reset controllers, 
and operational ranges of all controlled devices, 

* bj Require a maintenance and calibration procedure manual. 

c) ^Require a f4TOl inspection tour with your authorized representa- 

tive which includes an operational demonstration of satisfactory / 
completion. , • . / 

f 

A definition pf the warranty requirements and any required inspections 
during warranty period. 
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Part VIII: 

INSURINC THAT YOU RECEIVE VALUE FQrVoUR EXPENDITURE. 



A* Select Reputable Contractors* 

\ * 

B. Use Quality Eqbipcient . 

■ 

C Withhold a sufficient percentage of total payment due to insure satisfac- 
tory completion.' Release when you are certain that: , 

1» Your authgri/*^ nre fi restntat lve has inspected every detail of the work 
and has totally satisfied himself that all requirements and provisions 
'of the specification have been thoroughly complied with* Only your 
own dili^nt efforts will insure Satisfactory completion of your 
energy conservation retrofits. 
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, 1 

The project, $av;n£ Sohiolhouie Eie^^y, wis in*tmed to demonstrate the 
desirability of codifying s^iool bu*.1.ng3 to achieve energy conservation, and 
to develop* guidelines by v^ich school administrators could identify the most 
Qost-effective energy .-.conserving opportunities in their build|ngs. * 

c 

It shotild be stressed that the emphasis in this study is on cost-effective 
capital investments for energy conservation In this type of study the 
recommended capital investments 3nou!d not be impl epe-ited without first 
undertaking a, comprehen3* operational and maintenance program. This implies 
that sound energy management procedures, such as appropriate scheduling, 
periodic inspections, and routine maintenance are a continuing function. It 
further assumes that the human element — all building personnel and 
students-- is cooperative and appreciative 4 of the latent of the functiort 
desired. 

/ • 

Tne project ;5 designed! :n five phases. (1) site selection and ^ 
engineering anal/3es lo identify and scorned cost-effective energy 
conserving opportunities, '2 architectural and design work; (3) installation, 
construction, or codifications to implement recommendations; (ft) monitoring 
post-»Dodif icat ion .energy use Ko verify the projected energy savings, and {5) 
dissemination of the findings 

» 

Tlis publication sucnarizes the PRELIMINARY results of Pha3e 1. The 
Federal Energy Admin i3trat;^i # , wh*ch funded thi3 phase, is in the process of 
approving the final reports. , « 

PHASE 1 — MANtfGEMENT SUMMARIES 
Pl#LIC SCHOOL ENERGf CONSERVATION 'MEASURES; REPORTS 

. A thorough and comprehen3we engineering analysis of ten representative 
•elementary schools across ^he nation was undertaken to,, identify cost-ef fecfcive* 
energy conserving opportunities. Th$ reports of ^the^e studies are designed to 
provide school administrator, engineers, ^rcnitccts, and associated technical 
personnel with indicators of potential energy" savers in similar buildings. 
The following information-is a br.af compilation of these' findings and 
abbreviated management summaries of tnese ten reports. 

The demonstration sit#j selected were constructed between 1925 and 1973, * 
th$y were multilevel and single-story, and varied from double-loaded 
corridors to pod and' open space schools, , and they were widely dispersed 
geographically (Figure 1). Six of the school 3 used natural gas as a fuel 
source; two used oil; and two had ga3/oi£ option. Fuel costs! at the time 



•Federal Energy Administration Contract Ho. CR-0^-607ii-00. The views and 
conclusions contained in this summary and in the engineering reports are 
< tho^e of the ^jthors, and should not interpreted as nexessarily 
repr^on* <n* oTftcial polioi^ of the U.S. Government. 
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FIGURE 1. DEMONSTRATION SITES 
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studied ranged from |1,13/MCF to $3.3&'MCF for natural gas and was ✓ 
approximately $0.3^/gal for oil. All schools were heated, two used unit air 
conditioners, and one had central ai" conditioning. All ten schools operated 
on a standard school year.. 



£6st-effective energy conserving opportunities have been recommended for 
implementation at ail sites. "Cost-effective" is defined as recovering^ the 
cpst of investment within 12 ye^rs from the predicted energy .savings . 
Calculations are based on current fijel costs with 10 percent per annum 
escalation ad Justed^ for interest rates. By using the rather conservative 
12-year payback p>e^iod, 'the recommendations highlight the post cost-effective 
SCO's that shoulav first be considered by school administrators — remembering 
that school districts generally have very limited capital funds and must seek 
the most advantageous *way to spend those funds. 

Preliminary r,esult$ show recommendations vary in cost by site from $1,000 
^to $80,425 with a mean recommended expenditure of $25,323- Preliminary 
projections suggest these expenditures rfill reduce fenergy consumption an 
average of 50 per cent across all ten sites. While modifications to th 
building envelope represent a significant portion of the total recopmendid 
expen<Utures, the most TrequeAt recommendations were to adjust controls/and 
reduce c*^s^de air intake. Generally, they had the quickest recover/rate as 
well. Table 1 gives an overview of recoomendat ion3 with associated capital 
cost estimates and recovery rates by site. Table 2 indicates the specific 
recommendations and estioafced^ost by site 
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The' recommendations made are for existing buildings with the 
characteristics as described . A# They off er ^guidelines for analyzing^ buildings 
with similar characteristics. However, suggested energy conserving 
opportunities must be weighed tn terms of the fuel used, its cost and - v - 
associated savings, a^ well as capital expenditure considerations* While it 
is not the primary intent of this report to address new construction concerns, 
the findings do have implications for such work. # 

» * 

It should also be noted that, in a free market, availabiJfity is reflected 
In cost. However, fuels have not had such a history. As long as fuel costs, 
or supplies are in an/ way ^regulated ^actual fuel availability may transcend 
the cost-effective characteristics of a modification. 

. 

As soon as the phase 1 engineering reports have been approved by the. 
Federal Energy Administration they will be available at cost. An order, blank 
is attached to this summary for your convenience. Inquiries related to the 
study should be addressed to: * 



Dr. Sftirley J. Hansen, Director 
Saving Schtolhouse Energy 
A ASA 

1801 No. Moore St. 
Arlington, VA 22209 



or to.AASA's consulting" ertgineer.: 
JCox Associates 
• R^glneers-Consul tants 
2^5 West Maple Avenue 
• ' Vienna-, VA 22180 



'following the summary tables is a brief description of each school and 
more details on the energy conserving opportunities, (ECOs) recommended. Also 
noted are "ECOs studied but not recommended, at current fuel rates. As the , 
cost of fuel exceeds ^t he rate used in the calculations, such ECOs may become' 
cost-effective and should be reviewed. Any reconsideration should not view 
adjusted energy and doUar savings in isolation, materials, labor, interest 
.rates, etc. must also be assessed. 
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DEMONSTRATION^ N0.1: Harp Id C Scott Elenentary School 
J£ Warwick, Rhode Inland ^ 

■ * 

Building Charac'teristlca : 

1965 single^story pod or Edified open space school ~ 27,610 so ft witlw" 
library, multipurpose,; and administration areas. Vails are face brick S 4 ^ 

tLT^\^h^T^'^ WUh a PP?* in *tely 22* single pane ' ' 
gias3. floor ha3 2 1/2" insulrock supported bj? 3 teel beams. 

The buiWing Ts heated by natara'rdraft gas-fired boilers. Unit 
m . !* ntil * tors ar l in 311 clas^r-ooms,, library, and multipurpose area. 

Convenors, radiators { and cabinet heaters are used in offices, toilets/ and 
. t corridors. Ga3 consumption averages (85 MBTU/3C,.ft.) . /. . 

. Illumination is primarily fluorescent. KWHVsq.ft. for all electrical 
demands averages 3, ft8 , _ 41 « 

1,00 students, K-6; 25 staff. , SchdoTVday : , 9:00 a.m. -3:00 p^. Sch'ool ' 

. < year,: earlySeptember-late,June. ... P Ch ° 01 
i . t 

Total. Annual Energy Consumption: 89.6 MBTDVsq.ft. § 5550 Deg. Days. 

m • ( * ' * 
Energy Conserving Recommendations : , 



Rebalance unit ventilators to reduce outside air 
500 cfta to 250 cfta (R.I. code 10 cfm/stu) 
Esticated cost: $6,000. Recovery Rate: less than 5 yrs 
Revise occupied/unoccupied' cycle - from 4:60 a.m. -4:00 p.m. to* 
d:00 a.m. to 3:00 p..m>; override for night use ' ' • 

Estimated cost: .-$0-. 00. Recovery Rate: immediate. Projected 
savings l3t year :~$1, 535^ J 
Replace gas-fired -boilers with oir-fired boilers 
Estimated co3t: $19,500.. Recovery rate: 9 jiear3 

roof insulation during re-roofing ' , 
Estimated Cost: $17,30/). Recovery rate: '7 years V 



.All recommendations: $42,800 <es>T. Recovery^ 7 years. 



: 




ECOs not recommended warranting future review: -double glazing all' windows 

■ ( 
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DEMONSTRATION SIT£ NO. Centra] Elementary School 



BaUdlng Cttaract^rist Iry 



31 en Rock, -New Jersey 



Constructed 1925, 2 levels; 1939, one level addition similar 
construction. 45,384- 3 q . ft. Wall is 4" face brick, 2" air, 8" concrete 
block with pla^te" interior finish with 35J glass, double hung stiipie 
pane Roof is bu.iit up roofing over plywood deck; 3' drop'in interior 
ceiling finished wi'n plaster board or acoustical tile. 

1958 addition is 3ingle level. Wall is 4 "face brick on 8" concrete 
* block witr. 60% single pane casements. Roof is built up over wood 
sheath*** with air 3pace, insulation and acoustical tile on interior 
surface * • \ 



Heated by '2^ .935 oil-fired low steam-boilers (converted from 
coal) Unit ventilators and radiators m classrooms and auditorium. One 
pump for or*g : nal structure and fx^st addition; second pump for '58 
addition — cph trolled manually. „ Fuel consumption averages 0,94 
gal/sq'.fty 13\6 MBTU/sq ft.) 

Illumination .3 pr* marlrly fluorescent. KWH/sq.ft. for all electrical 
> demands averages 3.5. \ 

300 Students,' K-6; 30 staff f includes district administration 
- personnel). School day 9:00 a ,m.-3 =00 "p.m. ; staff 8:<i0 a.m. to . • 
6:00 p.m. School year: *arly September -late June,- V5 ^dults 8:00 1 
a. a. -6:00 p.m. m July. Vacated in August. 

* * *■ 

Total Annual Znergy Consumption: 158 M3TU/sq.ft. g 4590 beg. Days, M 

Energy Conserving Recommendations : ^ * 

* * • .A 

. Reduce outside air ' ^ 

—500 cfta to 175-cfra (sta/e code} . ' * 

Estimated cpst: $5,000. Recovery rate: 5 years - 
*fc£t Repia ce bciler with nodular hot w£ter boilers 
r Estimated co'st: $20,000. keiovery rate: 6 years. - 1 

• ^ Reduce thermostat settings: 70 F to 6"8 F 

^stiaate^ cost : $„0.00 (maintenance )\ Recovery rate: 
lamellate. Estimated savings 1st year: $565.00 , 1 
- InstaW motor operated damper to close louvers and r*oof , * * 
veht-tlators in auditorium * . 

^ Estimated cost^ $1,350. Recovery rate. 2 years. ^ 

% Install roof insulation: — blanket^type in existing 3' 

' airspace v Estimated" cost : $7,200. Recovery. rate : 7 yeari. 

# Infiltration reductions: 
— weather stripping windows and ^oors 

— automatic damper at roof ventilator * , ^ 

Estimated cost: $6,000. Recovery rate: 6 years. 
V - 



-^4 1 4 • ' 

^ All recocrf^dations: $39,550 (est.). Recovery rate: 6 years 



rCOs not f'jtfoflaenlPd warranting- future review: institute warm-up 
ycyette with ^attprrs rio?f>d , 



. DBONSrMTXON ^ITE NO. 3: Samuel Emeriti Elementary Sohooi 

Langhorne, Pennsylvania * 

Building Characteristics : ( • 

Constructed W with two additions (1958; *1967):'all have similar 
•structure. 49,3b sq.ft'. Walls are »»« fade brick air soac"! *n?£ 

hasa built-\p r&f.over 3 1/2" Insulrock supported' b^xpos™ ' " 



Heated by (2) oll-flred hot water boilers. There Is a 5 5 ton *m " 
•conditioning unit -for office area controlled by a 7 Ly tLe clS and 
two manually controlled window air conditioners for the ^ u 
ventilators and* radiators are used throughout the building £L 
.consumption .68 gals/sq. ft. (93.8 MBTU/sq. ft.), Uliain 8' Fuel 

Illumination is primarily fluorescent. KWH/sq.ft. for all eWn„ a i 
aemand averages 3.27. ' » electrical 

Ever it t has 559 student^ -K-S . School-day 9-QQ a n to VTm 

■ s 

Total Annual Energy Consumption: -108.9 MBTU/sq.ft. « U596 Deg. Days. 
Energy Co nserving Recommendations : ' 

• Reduce outside air intake • ' 

—500 cfo to 175 cfo (state req,) 

Estimated cost: $1,200. Recovery rate: 2 years * 
Replace boilers with moduLar hot water boilers 
Estinated^ost: 420,000. Recovery ratefTll years-., ? 



All reconaendat irons: &l 9 m (est.). Recovery rate: 7 



years 



a ^/ BC ° 5 n °J rec0CDm 4 ded warranting future review* double pane alas* 
arxl/ ; or panel ovel* clearstory glass. ' ^ 8 

A \ * * 
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' DEMONSTRATION" SITE NO. 1: Hindoan Elecytary Schoo.1 

Hindoan jJfCentucky 
* -i 
Constructed in 1957 with addition of similar structure in 1966* 
Walls are H n face brick, 2" air. space, and 4" concrfete block with H9% 
glass of 1/8" plate glass with aluminun frame. The! roof is 1 1/2" rigid* 
insulation, air space, and 2 3 M." -blanket fiberglass on steel deck. 
Total area is 32,338 sq.ft. 

Hindman is heated by a gaa-fir.ed cast iron sectional boiler with 
'forced hot, water circulating through convectors. ^our sections were 
added in 1966 to accomodate addition. Classrooms do not have 
thermsotats. Building i3 controlled by zone of exposure. Anoual fuel 
'consumption .8CCF/sq.ft. (80 MBTtf/sq .ft. ) - - ^ 

Illumination is primarily ^orescent with level at approximately 60 
foot-candles. Annual electrical consumption 2.58 KWH/sq.ft. y 

/ ' 
* 6 II students, 1-7, and 32 staff/occupy building from 8':30 a.m. to 
3 = 30 p.m. 180 days, oi<f-August to mid-May. 

Total Annual Fuel Consumption: 88. U MBTU/sq.ft. <? 3320 Deg. Days. 

Energy Conserving Recojaendatyons : . 

* *. — - « 

• Increase boiler efficiency to'80j{, reduce outside air, and 
repair zone control * 

--cfean, ^adjust boiler; establish appropriate controls 
--set unit ventilators for reduced outside air; close dampers on* 
night set back ■ i 
'repair and cprrect 2one ^thermostats and 3-way valves 
Estimated 'cost: $8,059-' Recovery rate: 5 years. 

• Reduce glass by 60*. 

Estimated cost: $5,600 ; Recovery rate: " 7 years. 



T 



Ail recoooendations: $13,659 (est.). Recovery rate: 6.3 years 
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DEK^brflATION SUE NO. 5: Pairaoor Elementary^ ^ 
* < Columbus Jt Ohio 

Original structure build in 19**9 was 23,500 sq.ft. on '3 levels. The 
walls are tt" br;ck face on 8" concrete black with 28* glass, tf/S facing. 
Roof was rehabilitated 3 years ago with 2 1/2" insulating board on steel 
dSck. * ^ r ^ 

A 19,200 sq.ft. addition was* added in 1955 bringing total square 
footage to ^3,765 sq.ft. The addition is a single level. The walls are 
»" brick face on 12" concrete block with 58* glass, E/W facing. *The 
addition roof consists of built up roofing on 2 1/2" Tectum panels with 
no ceilings. 

rairaoor 13 heated by 2 gas-fired boilers converted from coal. There 
are unit ventilators in all claa^ooss „ 3tea m in original section, hot 
waxer in addition, t Therms/sq.ft.' averages 1.5. (150 MBTU/sq ft ) 

I Illumination is primarily fluorescent with mercury vapor and [ 
incandescent in multipurpose -ooa. Electricity demand is 3.56 KWR/sq.ft. 

^75 students, K-6 and 30 Jtaff occupy the , building 8:45 a.m. to 3:15 
p.m. from early September to sid-June. ^ 

Total Annual Energy 'Consumption: ^180.6 MBTU/sq. ft. § 5280 Degl Days. 
nergy Conserving Recommendations : V_^^ 

• Shut .down unit vent Ha tore in unoccupied summer months f\ 
Estimated c£>st:„ $0.00. Recovery rate: immediate lsti 

ye<s^ 

• • Improve boiler efficiency ' 
— replace burners 
-r-reduce flue size 

— install boiler controls to flre'on demand 
Estimates cost: Y* c i 000 - Recovery rate: ^ years. 

» < Nigr.t set back J 

— install rime cXbck to shut unit ventilators, close clampers, 
stop exhaust fans ' ^ ' 
Estimated cost: $8,500", Recovery rate: 3 year^T. 

» Adjust unit'ventilators to reduce outsi'de'air intake 
~ ai* balance; upgrade controls 

Estimated cost: $7,200. ,Rec6very- rate: under k years, 



All. recocaendat ions: i25,JO0 :e3t.). Recovery rate: under 3 years 



ECOs not . recocaer.ded .warranting future review: double- glazing, 
in^atydditi^n roof, «dd double doo-s, or reduce glass. 
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DBWONSTWTION SITE NQ'. £>: P. JF. Brown 

- „ Lubbotfk, Texas 

Original 19^9 ^Structure and 1950 addition comprise 25, £53 sq.ftT 
single level. Of similar construction - walla are ft" face brick on 8" 
structural tile with interior plastered with 16.5* glass, N/S facing. 
Roof is 3" concrete deck, ceiiing plastered. 

1956 addition brought total footage to 36,802 sq.ft. This addition 
is essentially the s^tae with the exception of acoustical board on ,ceilirig 
and the double, hung windows have an E/W orientation. * 

P. F. Br*own has one g'a^ T fired, fire tube, low pressure steam boile r . 

There are no unit Ventilators. Outside air by infiltration only. Gas 

consumption averages 0.91 MCF/sq.ft. (91 M^TU/sq. ft . ) . 

_^ ^ 

Illumination is primarily fbtarescent. Total* electrical demand 
averages 2.135 KVH/sq.ft f J\ , . , 

'\ + '383 students, K-6, and ft3 staff occupy ttfe building 8:00 a.m. to 3:00 

• p.m. late August through May. " * 

Total Annual Energy Consumption: 102,5 HBTU/sq.ft, § 3150 Deg*. Days. - 

^ _ ^ ' ^ ^ * . \ _ ^ :> 

Energy Conserving Recommendations : v 

• Update and improve controls . ^ 



\ 



T 



Estimated cost: $1,000. Recovery rate: 1.5. years * 



ECOs not Veqpmdfended warranting future reveiw: increase efficiency 
of heating >larit. . ' 

Adding roof insulation, replacing glass, blocks, and contracting 
weather stripping all had recovery rates over 50 years. 
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DEMONSTRATION SITE HO. 7, Eastridge Elementary School - L ~ ' '* 

Lincoln, Nebraska • > 

. predoai-nance N/S fae'ris »«r <" x-;V* Iro f te<3 above, 27J of wa^l :with 
« dec, acoustical fill filing Ul ' t UP and - 8raVel 0n 3 1/2 " 

* S * 4 . • 

Eastridge, is heated bv E za<</n<' r. M ^ k.. .. ' 

water baseboard -dWs^^^ hot, 

'Armual fuel consaoption: .71 CCF/sq.ft. f 7 'i MBTU/sq. ft. > . 
.Illumination is fluorescent. Annual ^ectric ?.7 KWH/sTf. ft 

Total Annual Enggy Consumption- MBTU/sq"ft. g 60*0 Deg-. Days. T 
Energy Con serving Reooainendations : — 

t ^setting and rebalancing air handling unit „ 

, jarimated cost: 12,000. Recovery ra?e: I years ' ■ 
• i Night Set back for baseboard radiation 
. .t.5t_iaated.(^u_.4M00. - Recovery rkte: 8 .years 



Estimated, cost: $10,000. "Recovery fete: 6 years 

s : • , • 

' ^fOs not -eoo'cpended warranting fj- U r* r.,fpu. , ' \ 

, reduce glass by 17.*, *r add e *eril iTSon insulation, 
< < * • 
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DEMONSTRATION SITS HO. 6-. CarfleldL Elementary School 

Sioux Falls, South Dakota \ 

. Constructed in 1952 and added to in 1956 for a total of "33,700 sq.ft. 
Garfield has tw levels. Walls are ^ M face bni<* on 8 n concrete block 
with about 30X glass. ^Gf this glads area, 70* is glass block and the 
remainder is plate. The roof is ft ply pitch and felt, 2" 3eai-rigid 
insulation, and 1 1/2" metal deck. 

* Garfield 13 heated by 2 gas/bil fired ho? water boilers. Hot water 
baseboards and hot water central air handling units handle thfc heating 
.and ventilating requirements. Annual fuel consumption: 94 CCF/sq.ft. 
(9* M3^/3Q Ct/v 

Illumination is primarily fluorescent. AnnuaTelectric usage 3,08 
KVH/sq.ft. • , 

500 students, occupy- the building 8:30 a.m.. to 3:15 p.m.; 26 

full t toe and,8 pa^t time^staff are there from 8:30 a. a. to ft:00 p. a. for 
180 days per year. 

Total Annual Energy Consumption: 109-7 MBTU/sq.ft. § 7860 Deg. Days. 
Energy Conserving Recommendations : 

• Reduce outsade air to minimum code (5 cfm) 
Estimated dost: $3-* 000. Recovery rate! 3 years 

• Night >set back system J . 
Estimated cost: 48,000. Recovery rate: 8 jej 

• Improve boiler efficiency . * 
Estimated, cost: $9,000, Recovery rate: 12 years 



r . 

All recommendations:' $20,000 (est.).. Recovery rate: 8 years Km A 

■ : — i— ^ I 

ECOs not recommended warranting future review: add robf insulation, 
add exterior wall inSulationf or. reduction' or glass. 
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DEMONSTRATION SIZE NO. 9:' Plover Whiting Elementary School . . 

Stevens Point, Wisconsin 

\ 

Plover Whiting in an open space sohool of JJ«,000 sq.ft. constructed 
in 1973. It has three distinct wall types,: (-1) 3/8" diagonal wood 
siding, 1" rigid insulation, air space, and 8" concrete block; (2) 

as "1" with 12" concrete block* around gym; and (3) 3/8" wood siding, 3/8" 
gypsum sheathing, 2" air Space, 3 1/2" batt Insulation on 6"' stud wall ■ 
with 5/8" GW3 on interior. Glass averages 6.9*. Roof is built up, I 
1/2" rigid insulation, I 1/2" metal deck, and 3A" acoustical ceiling 
tile. 

Plover Whiting is heated/cooled by 2 forced draft. gas-fire^ boiler^ 
and 120 ton reciprocating chiller with air cooled condensing. Classrooms 
and multi-purpose are heated, ventilated and air conditioned by 3 centra-1 
air handling units. Uses, average .9. therms/sq ■ f t. (90 MBTU/sq. f,t. ) . 

* ■ 

Illumination is primarily fluorescent. Electrical load* demand is- 
approximately 10.5 KWH/sq..ft. . 
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^72 students, K-6, and 28 staff occupy the building from 9:00 a.m. to 
3:30 p.m. for approximately 130 days, late August to mid-June. . 

( Total Annual Energy Consumption: 132 MBTU/'sq.ft. g 7590 ^eg. Dtya. , 
Energy Conserving Recommendations : * 

• ' Improve air conditibning usage schedule 

Estimated cost: $0.00, Recovery rkte: immediate ($2,934 1st 
yea~) 

• Improve indoor lighting usage schedule % ft. 
Estimated cost: $0.00. , Recovery rate: 'immediate ($3,211 1st 
year) 

t Air temperature reset mixed and supply , 
Estimated cost: $900. Recovery rate: 6 years 

• Reduce outside air intake to minimunf code (5 cfm/person) 
—rebalance outside, -return, and exhaust dampers* 

I Estimated cost: $3,000. Recovery rate: 3 years p 



All Recommendations: $3,900 (est.) 
Recovery rate (investments only):' 2^-y^ars- ; 
'all recommendations: 8 months. 



ECOs not rec<panpndedfwar ran ting future review: add roof; *rteulation 
and/or add \tk\l insulation- * ' , 
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DEMONSTRATION SITE SO. 10 Washington Elementary School 
, Kennewick, Washington 

Washington is * single revel structure built in 1957 with no 
addition," The three wing jouble loaded corridors has a total area of 
MO p 12U sq.Tt. Walls are precast panels ami 3/*4" rigi<3 insulation with 
5W glass (1/J* M plate). The roof is builtiup roofing with 2" rigid 
insulation on steel deck with 2% sky-lightl 
\ s 1 

fteating is by a gas-fi-ed induced draft! steel boiler. Distribution 
is on 3 2ones Kith unit ventilators in cladsrcoms,, multipurpose, and 
administrative areas Co ns u caption averages! .87 therms/sq. ft. (86.9 
MBTU/ sq.ft.) s 

Illumination is: incandescent throughout. Total electrical demand i$ 
approximately 6.1U KWH/sq.ft. 

503 students, K-6, occupy the building 9-00 a.m. to 3-' 15 p.D. and the 
staff from 8:00 a.m. to 3:^5 p.m. from early September to raid-June. 

! 

r 

Total Annual Energy Consumption: 107.8 MBTU/ sq.ft. 6 5}p0 Deg. Days. 

Energy Conserving Recommendations : ' 

t Mechanical adjustments and maintenance ' ^ 
0 — bring outsidfc air up to code (5 cftt) 

—bring pump, filters, co'ite, fan motors, and damper linkages to 
maximum efficiency 0 
--calibrate and reduce thermostat settings 
—provide night setback capability 

Estimated cost; $10 , 000. Recovery rate: 3-08 years 
•/^ Add roof insulation in re-roofing process 
' M ~3 n r,igid insulation | 

Es^io^ted'cost:- $35,^07. Recovery rate: 11.8 years 

• Reduce glass by 28J - fixed window modules with N, E or W 
' exposure 

Estimated co'3t: $5,M7. Recovery rate: 3.2 years. 

• Replace incandescent lighting with fluorescent at code -(50 
classroom, 20 corridor^) 

Estimated cost: $29,571. Recovery rate: 9-38* years 

■ i 



All recommendations: $80,4^6 Recovery rate: 7.5 year^ ^ 



m €tOs not recoofaended warranting future review, changfe from gas-tilred 
to electric boil/r. * ' i y 
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ORDER FORM 



T, 



3. 



Public School Energy Conserving Measures S 

- * 

Report No. 

1. SCOTT: 1965,67 pod; replace boilers, adJtroof insulation, 
controls ($37,800/5 yr, return) 
CENTRAL: 1925,39,50; replace boilers, roof insulation, 
reduce infiltration, controls ($39, 550/5, yn return) 
EVERITT: 1954,58,67; replace boiler, reduce outside air 
($21,200/9 yr. return) 
4. HINDMAN: 1957,68; increase boiler efficiency, reduce 
outside air, night set back, controls, reduce glass 
60% ($13,659/6.3 yr. return) 
FAIRMOOR: 1949,55; improve boiler efficiency, revise 
unoccupied settings, reduce outside air, night 
set-back ($25,700/3 yrs. return) 
P.F. BROWN: 1949,50,58; update and improve controls 
($1000/1.5 yr. return) • ' 

7. EASTRIDGE: 1954, 55; reset and rebalance air handling 
units; night set back ($10,000/S yr. return) 
GARFIELD: 1952, 56; reduce outside air, night set back, 

improve boiler efficiency ($20,000/10 yr.- return) 
PLOVER WHITING: 1973; air condition schedule, indoor 

lighting schedule, air temperature reset, reduce 
• outside air ($3,900/1 yr. return) ■ 
lOfc WASHINGTON; mechanical adjustments, night set back, 
roof insulation, -reduce glass, replace incandesced 
lighting ($80,425/7.5 yr. return) . • h 



5. 



6. 



8. 



9. 



No. Reports Requested 

Each report at cost' ($2.50) including postage and handling' 
as soon las cleared by Federal Energy Administration. 



Enclosed 
Make check paya v 



is $ ] ' ffl 

k payaW-to AASA-E 



reports X"$2.50) 
Energy and i?ail to: 



Dr. Shirley J. Hansen 
AASA-OGR 

1801 North Moore Street 
Arlington, VA. 22209 
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This report was done with support from the 
Department of Energy Any conclusions or opinions 
expressed in this report represent solely those of the 
author**) and not necessarily those of I he Regents of 
the University of California the I awrence Berkeley 
Laboratory or the Ocparrtncnt of Lncrgy * 

Reference to a company or product name u*oc\ 
not imply approval or recommendation of the 
^rortuct by the University of California or the V S 
/Ocparjmcnt of Energy to the exclusion of others that 
may *>c suitable 
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